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RESUMO

O consumo de energéticos cresce entre 0s jovens e este consumo tem se tornado mais
expressivo, inclusive quando associado ao lcool. Os principais constituintes desta bebida
sdo cafeina e taurina, um estimulante e um depressor do sistema nervoso central,
respectivamente. Este estudo teve como objetivo avaliar a toxicidade de bebida
energética, seus constituintes cafeina e taurina, isolados e em associacdo ao alcool em
ratos Wistar pré-paberes utilizando o protocolo descontinuo de administracdo repetida do
tipo binge drinking e avaliando parametros: comportamentais, hematoldgicos,
bioguimicos, imunoldgicos, oxidativos, histopatologicos e reprodutivos. Ratos Wistar
machos e fémeas (pré-puberes) foram tratados do 32° dia de vida por gavagem através do
protocolo binge drinking (3 dias consecutivos por semana, com intervalo de 4 dias por
semana, ao longo de 4 semanas — mimetizando o uso intermitente pelos jovens) com agua
destilada (10 mL/kg), energético (10 mL/kg), cafeina (3,2 mg/kg), taurina (40 mg/kg) e
alcool (2 g/kg, 20%) de forma combinada ou isolada. A analise hematoldgica foi feita
atraves da analise do sangue no Micros-60, as analises bioquimicas foram feitas através
de marcadores renais e hepaticos no espectrofotémetro X BS-120. A histopatologia foi
feita através da fixagdo em hematoxilina e eosina e posterior leitura em microscopio
optico (40x). As citocinas (TNF-a e IL-1p) foram avaliadas através do método de Elisa,
0s niveis de espécies reativas de oxigénio (ROS) através da intensidade de fluorescéncia
ao redox DCFH, e os niveis de éxido nitrico pelo método de Griess. As avaliacdes
comportamentais avaliaram a locomocéo através do teste Open Field, ansiedade pelo teste
Pluz Maze e memoria atrvés do teste de reconhecimento de objetos. As avaliacOes
reprodutivas foram feitas através do peso dos 6rgdos sexuais, analise do ciclo estral das
ratas fémeas, qualidade dos odcitos através da liberacdo dos complexos cimulos o6citos
(CCOs), contagem de espermatozoides e espermatides, avaliacdo morfoldgica de
espermatozoides e nivel de testosterona. Os resultados apresentaram aumento
significativo de citocinas inflamatdrias (TNF-a e IL-1P), principalmente nos grupos
tratados com energéticos, alcool e alcool associado ao energético foram encontrados no
sangue periférico dos animais. Assim como, um amento da presenca de alteracGes
histopatoldgicas no figado e nos rins (vacuolizacdo, infiltrado celular e degeneragédo
hidropica) sobretudo nos grupos tratados com alcool. Porém, as avaliagdes bioquimicas,
hematologicas e reprodutivas ndo apresentaram diferenca entre os grupos tratados. Nas
avaliagdes comportamentais, o teste de locomocao (teste do campo aberto) nas fémeas
reforca a acdo estimulante da cafeina e do energético nos cruzamentos externos. Nos
machos, a cafeina e a taurina melhoraram o indice de reconhecimento de objetos no teste
de memdria de longa duracdo. Em conjunto, os dados mostram que o alcool isolado e
associado ao energético causa prejuizo ao organismo, assim como 0 energético
isoladamente. Porém, os constituintes dos energéticos (cafeina e taurina) mostraram-se
protetivos mesmo em doses baixas.

Palavras-chave: energéticos, cafeina, taurina, alcool, ratos pré-paberes, binge drinking



ABSTRACT

The consumption of energy drinks is growing among young people, this consumption has
become more expressive, even when associated with alcohol. The main constituents of
this drink are caffeine and taurine, a stimulant and a depressant of the central nervous
system, respectively. This study aims to evaluate the toxicity of energy drink, its
constituent’s caffeine and taurine, isolated and in association with alcohol in prepubertal
Wistar rats using the discontinuous protocol of repeated administration of the binge
drinking type and evaluating parameters: behavioral, hematological, biochemical,
immunological, oxidative, histopathological and reproductive. Male and female Wistar
rats (prepubertal) were treated from the 32nd day of life by gavage through the Binge
Drinking protocol (3 consecutive days a week, with an interval of 4 days a week, over 4
weeks - mimicking the intermittent use by young people) with distilled water (10 mL/kg),
energy drink (10 mL/kg), caffeine (3.2 mg/kg), taurine (40 mg/kg) and alcohol (2 g/kg,
20%) so combined or isolated. Hematological analysis was done through blood analysis
on the Micros-60, biochemical analyzes were performed using kidney and liver markers
on the X BS-120 spectrophotometer. Histopathology was performed by fixation in
hematoxylin and eosin and subsequent reading under an optical microscope (40x).
Cytokines (TNF-a and IL-1B) were evaluated by the Elisa method, the levels of reactive
oxygen species (ROS) by the redox fluorescence intensity DCFH, and the nitric oxide
levels by the Griess method. Behavioral assessments assessed locomotion through the
Open Field test, anxiety through the Pluz Maze test and memory through the object
recognition test. Reproductive evaluations were made through the weight of Organs
sexual organs, analysis of the estrous cycle of female rats, oocyte quality through the
release of cumulus oocyte complexes (CCOs), sperm and sperm counts, morphological
evaluation of sperm and testosterone level. The results showed a significant increase in
inflammatory cytokines (TNF-a and IL-1p), especially in the groups treated with energy
drinks, alcohol and alcohol associated with energy drinks were found in the peripheral
blood of the animals. As well as an increase in the presence of histopathological changes
in the liver and kidneys (vacuolization, cellular infiltrate and hydropic degeneration)
especially in groups treated with alcohol. However, biochemical, hematological and
reproductive evaluations showed no difference between the treated groups. In behavioral
assessments, the locomotion test (open field test) in females reinforces the stimulating
action of caffeine and energy drink in external crossings. In males, caffeine and taurine
improved the object recognition index in the long-term memory test. Together, the data
show that alcohol alone and associated with energy drink causes harm to the body, as well
as energy drink alone. However, the constituents of energy drinks (caffeine and taurine)
proved to be protective even at low doses.

Keywords: energy drinks, caffeine, taurine, alcohol, pre-pubertal rats, binge drinking
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1 REVISAO DA LITERATURA

1.1 Introdugéo

As bebidas conhecidas como energéticos foram langcadas nos anos 60 na Europa e
na Asia, porém tiveram o reconhecimento mundial ao atingir o mercado americano em
1997 com a marca Red Bull®. Tais bebidas sdo a base de cafeina e tem como intuito
proporcionar um impulso de energia e aumentar o estado de alerta (PENNAY et al., 2012)
além de evitar o sono e aumentar o estado de concentracdo (BALLISTRERI E
CORRADI-WEBSTER, 2008). O consumo anual de bebidas energéeticas em 2013
excedeu 5,8 bilhdes de litros em cerca de 160 paises (BAILEY et al., 2014). Com venda
anual é de cerca de 50 bilhdes de dolares, tem como projecdo até 2021 atingir cifras de
60 bilhdes de ddlares (CURRAN e MARCZINSKI, 2017).

A maioria (2/3) dos consumidores s&o do género masculino, entre 13 e 35 anos.
Nos Estados Unidos, as bebidas energéticas sdo o segundo suplemento alimentar mais
regularmente utilizado por adultos jovens (30%) (SIMON et al., 2007). A inddstria
multibilionaria do mercado dos energéticos usa estratégias agressivas e inovadoras de
marketing para atingir adolescentes e jovens (HOWLAND et al., 2013), incluindo a
promocao destes, em eventos esportivos e festivais de musica (WOLK et al., 2012).

Os principais constituintes dos energéticos sdo cafeina, taurina, guarana, acucar,
sodio e vitamina B6 (ISHAK et al., 2012). Além disso, sdo incluidos na composicao de
algumas marcas, glucuronolactona, ginseng, Ginko biloba e outros constituintes
(HIGGINS et al., 2010). Apesar de possuirem alguns efeitos benéficos como melhora da
memoria, aumento da vigilancia e humor, também sdo relatadas alteragdes
cardiovasculares, neuroldgicas, psicoldgicas, gastrointestinais, metabolicas e renais
(ALSUNNI, 2015). No Brasil, de acordo com a ANVISA, atribui-se 0 uso da expresséo
“bebida energética” ou “energy drink’ ao produto que contém em sua composi¢ao inositol
e/ou glucoronolactona e/ou taurina e/ou cafeina, podendo ser adicionado de vitaminas e
minerais e, inclusive, de outros ingredientes, desde que estes ndo descaracterizem o
produto. As bebidas energéticas vendidas no Brasil ndo podem conter quantidades
superiores a 35 mg/100mL de cafeina e 400 mg/100 mL de taurina, definidas na resolucéo
RDC ANVISA 273/2005 (SECRETARIA DE VIGILANCIA SANITARIA DO
MINISTERIO DA SAUDE, 2005).
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Nos ultimos anos, 0 numero de casos nos servicos de emergéncia dos Estados
Unidos relacionados as bebidas energéticas dobrou de 10.068 em 2007 para 20.783 em
2011(MATTSON, 2013). Em contrapartida, um estudo revelou que a maioria (64,3%)
dos estudantes que fazem uso da substancia ndo tem conhecimento dos seus possiveis
efeitos colaterais (SCURI et al., 2018). Devido aos seus efeitos adversos, um potencial
perigo a criancas e adolescentes tém sido atribuidos aos energéticos. Por isso, a Academia
Americana de Pediatria elaborou algumas recomendacdes, entre elas: 1) cautela quanto
aos possiveis riscos para criancas e adolescentes devido aos compostos estimulantes
contidos na bebida; 2) maior suscetibilidade a uma grande exposi¢do dos ingredientes
ativos numa base por quilograma; 3) possivel ingesta excessiva de carboidratos que pode
causar sobrepeso (COM & COSMF, 2011).

Além do consumo recorrente de energéticos, por adolescentes e adultos jovens,
torna-se cada vez mais frequente a associacdo com bebidas alcodlicas como a vodka
(PENNAY et al, 2012). Em um estudo conduzido nos 16 paises membros da Unido
Europeia, o qual mais de 52.000 individuos foram entrevistados. Observou-se que 53%
dos adolescentes fazem uso de bebidas energéticas associadas ao alcool (ZUCCONI et
al., 2013). Acredita-se que o efeito estimulante da cafeina possa antagonizar os efeitos
sedativos do alcool, possivelmente levando a um aumento do consumo de alcool e
consequentemente, aumentando os efeitos toxicos (HANN et al, 2012, HOWLAND et al,
2011, FERREIRA et al, 2004). Outros efeitos relacionados incluem o aumento do risco
de acidentes e violéncia, a associacdo com outras drogas e piores desempenhos escolares
(BERGER et al, 2013; TUCKER et al, 2016). Os individuos que ingerem energéticos
acreditam que sdo mais capazes de executar comportamentos que exijam controle motor
fino, apesar de estarem debilitados pelo alcool, mascarando os sintomas subjetivos da
intoxicacdo alcodlica (CURRY et al, 2009; SNIPES et al, 2013). Pesquisas revelam ainda
que a percepcdo de cefaleia, xerostomia e prejuizo da coordenacdo motora diminui
quando os energéticos sdo consumidos em associacdo com o alcool em comparagéo ao
alcool isoladamente (VERSTER et al, 2012). Considerando estes achados, em 2010, o
FDA (Food and Drug Administration) determinou que a associacdo de cafeina e alcool
ndo é segura (FDA, 2010).

1.2 Cafeina
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Dentre os principais compostos encontrados nos energéticos e, de maior
relevancia, encontra-se a cafeina (1,3,7-trimetilxantina) o componente psicoativo
primario. A cafeina é absorvida rapida e completamente pela via oral, tendo meia vida de
aproximadamente 4,5 h (GLADE et al.; 2010 WOLK et al., 2012), exercendo seus efeitos
psicoestimulantes tanto em humanos quanto em ratos (BOECK et al., 2009). Dentre as
suas atividades pode-se destacar aumento no estado de alerta e reducdo do cansago. Em
contrapartida, ela pode estar relacionada ao aumento de ansiedade, pois individuos que
consomem cafeina em grandes quantidades podem tornar-se ansiosos. (SMITH, 2002).
Doses elevadas de cafeina podem causar palpitacfes, hipertensdo, estimulacéo do sistema
nervosos central, nausea, vomito, hipocalcemia, acidose metabdlica, convulsdes e, em
casos raros, a morte (BREDA et al, 2014).

Estudos farmacoldgicos indicam que os efeitos da cafeina no sistema nervoso
central sdo mediados particularmente pela acdo antagonista de receptores de adenosina
dos subtipos Al e A2 (LORIST et al, 2003). Também tem sido demonstrado que a cafeina
induz a liberacdo de dopamina no estriado e no cortex pré-frontal. A funcdo da dopamina
no estriado é importante tanto para estimular quanto ativar o mecanismo de recompensa
de varias drogas, incluindo os efeitos heddnicos do alcool. O mesmo mecanismo pode
mediar 0 aumento do desejo de beber alcool que é visto com o consumo junto aos
energéticos (McKETIN, et al 2015). Os receptores de adenosina estdo envolvidos na
regulacdo da producdo de espécies reativas de oxigénio (ROS), afetando a génese € 0
impacto de radicais livres em neurdnios e em outros sistemas biologicos (ABREU et al,
2011). As espécies reativas de oxigénio (ROS) estdo envolvidas em dano tecidual através
de uma variedade de insultos. Estas substancias podem diretamente danificar proteinas,
DNA, lipideos e, portanto, afetar muitas funcdes celulares (NOSCHANG et al, 2009).

De acordo com a revisdo de Martini e colaboradores (2016), o efeito do consumo
de café em humanos, tanto em exposi¢Oes cronicas quanto agudas, sobre diferentes
parametros de estresse oxidativo geram dados conflitantes e inconsistentes quanto ao real
efeito do café/cafeina no potencial oxidativo. Dentre estes, quanto a capacidade
antioxidante total, atividade de enzimas antioxidantes superdxido dismutase (SOD),
catalase (CAT) e glutationa peroxidase (GPx), dano lipidico e dano a proteinas.

Além dos reconhecidos efeitos estimulantes da cafeina, outros séo relatados, por
exemplo, efeitos pro-inflamatdrios. Frau e colaboradores (2016) investigaram niveis de
TNF-a (Fator de necrose tumoral a), IL-1p (Interleucina 1B) e nNOS (6xido nitrico

sintase neuronal) nas estruturas do putdmen, caudado (CPu) e na substancia nigra pars
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compacta (SNc) de camundongos pré-puberes (28 dias) tratados com cafeina (10 mg/kg)
ou MDMA (3,4-metilenodioximetanfetamina - 4 x 20 mg/kg), tanto isolados quanto em
associacdo. Neste estudo foi demonstrado que a associa¢do dos compostos aumentou 0s
parametros neuro-inflamatdrios e neurotdxicos avaliados. Entretanto, Machado-Filho e
colaboradores (2014) avaliaram os efeitos da cafeina (10 e 20 mg/kg, diariamente por 2
semanas) em ratos Wistar machos com Parkinson induzido por 6-OHDA, observando
diminuicao de citocinas pro-inflamatérias como IL-1B e TNF-a encefalicas no estriado e
na substancia nigra, bem como aumento do contetdo de dopamina no estriado.
Corroborando com estes achados, referentes a acdo anti-inflamatoria da cafeina, outros
autores, avaliaram o efeito desta (20 mg/kg) em modelo de Parkinson induzido por
Paraquat e Maneb, onde foi possivel demonstrar que a cafeina diminui os niveis de 6xido
nitrico (NO) na regido nigroestriatal e ativa as microglias (na substancia nigra),
conferindo neuroprotecdo contra a neurodegeneracdao dopaminérgica (YADAV et al.,
2012).

Os efeitos da cafeina também é alvo de pesquisa na avaliacdo do sistema
reprodutor. Alguns estudos demonstram que a cafeina atua em homens e mulheres
diminuindo a fecundabilidade em ambos 0s sexo0s. Em casos em que 0 consumo excede
699 mg/dia, a taxa de fecundabilidade pode ser diminuida em 44%. (SADEU, 2010). Em
filhotes machos de ratas que receberam 26 e 45 mg/kg de cafeina no periodo gestacional,
foi observado perda da espermatogénese, reducdo da massa dos testiculos, menor
didmetro dos tabulos seminiferos e reducdo do tamanho do epitélio do tubo germinativo
Na prole oriunda do grupo de alta dose e foi demonstrado, ainda, diminui¢cdo na massa do
epididimo, prostata e vesicula seminal, e anormalidades na morfologia espermatica, além
de reducdo na quantidade de espermatozoides (DOROSTGHOAL et al., 2012). Além
disso, quebras de DNA e aneuploidias espermaticas foram relatadas em um estudo
transversal com homens entre 19 e 35 anos de idade que relataram uso de cafeina
(ROBBINS et al., 1997).

ZHANG e colaboradores (2017), tratou camundongos Kunming de (6 a 8
semanas) com gonadotrofina sérica de egua prenhe (PMSG) e gonadotrofina corionica
humana (hCG), para provocar superovulacdo. Apds a eutandsia dos animais, houve a
liberacdo dos complexos cumulus dos odcitos (COCs). Os COCs de trés camundongos
tiveram sua maturacgdo in vitro para tratamento com cafeina e apds, foram incubados e

suplementados com 5 mM cafeina durante 24 horas. As analises microscopicas
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evidenciaram que a cafeina inibiu a separacéo de células do cumulus de o6citos (COCs),

retardando a maturacao.

1.3 Taurina

Outro componente amplamente encontrado nos energéticos é a taurina (acido 2-
aminoetanossulfonico), aminoacido mais abundante no sistema nervoso central (HUSSY
et al., 2000), cujo impacto do uso de altas concentra¢fes ainda ndo é bem conhecido
(RATH et al, 2012, SEIFERT et al, 2011). Em mamiferos possui funcées fisioldgicas
importantes como: antioxidante, osmorregulador, estabilizador de membrana e
neurotransmissor. A taurina atua como neurotransmissor inibitorio através dos receptores
de GABA (acido gama aminobutirico) e Gly (glicina), tendo efeito ansiolitico em
camundongos e ratos (CHEN et al., 2004; KONG et al., 2006).

Alguns dos efeitos da taurina sdo atribuidos a um papel na funcdo de memdria
através da modulacéo de receptores de N-metil-D-aspartato (NMDA). Porém nenhum
estudo em humanos estabeleceu uma relagdo concreta entre taurina e melhora da memoria
(BICHLER et al, 2006). Também vem sendo estudado o efeito da taurina na
excitabilidade neural através da alteracdo do sistema inibitério GABAérgico, incluindo
elevacdo na expressao do &cido glutamico descarboxilase (GAD), aumento dos niveis de
GABA, e baixa regulacio do receptor GABAA (CALABRO et al, 2012).

Sendo um antioxidante eficaz, a taurina identifica a presenca de espécies reativas
de oxigénio e estimula enzimas antioxidantes direta ou indiretamente (XU et al, 2015).
Neste sentido, Patel e colaboradores (2016) avaliaram o efeito da taurina em diferentes
doses (1,2; 2,4 e 3,6 mM/kg) no tratamento de ratos diabéticos induzidos por STZ
(estreptozotocina), onde foi detectado aumento da atividade das enzimas SOD, CAT e
GPx na medula espinhal, cortex, cerebelo e tronco cerebral, indicando seu papel protetor
contra estresse oxidativo. Além disso, Abdel-Moneim e colaboradores (2015)
comprovaram que a associa¢do de taurina (100 mg/kg) e silimarina (100 mg/kg) (um
flavonoide polifendlico antioxidante que protege contra lesdes hepaticas provocadas por
hepatotoxinas) foi capaz de proteger ratos com dano hepatico induzido por tetracloreto
de carbono (CCLa4) contra o estresse oxidativo. Neste modelo observou-se 0 aumento da
atividade enzimaética de SOD e GPx, diminuicdo da peroxidacéo lipidica, diminuicdo dos

niveis de NOS, NO, e das enzimas hepaticas (AST: Aspartato Transaminase, ALT:
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Alanina Transaminase, ALP: Fosfatase Alcalina), bilirrubina total e hidroxiprolina. Além
disto, a taurina, isoladamente diminuiu os niveis de TNF-a no soro.

A Taurina (15 mM) foi estudada em um modelo in vitro de propriedades
antioxidantes, e observou-se que atua como um eliminador de oxigénio reativo (radical
peroxil e anion superdxido) e de espécies reativas derivadas de nitrogénio (6xido nitrico
e peroxinitrito) (OLIVEIRA et al 2010). Ainda de acordo com Jong et al (2012) a taurina
serve como um regulador da sintese proteica mitocondrial, aumentando a atividade da
cadeia transportadora de elétrons e protegendo as mitocondrias contra a geracdo excessiva
de superoxido. Avaliando tais efeitos da administragdo de taurina (50, 250 e 500 mg/kg),
sobre o sistema antioxidante, ratos Wistar foram tratados durante 60 dias, e foi realizada
analise enzimatica (GPx, GSH, GR) nos érgéos (rim, figado, coracdo e estbmago). Os
resultados mostraram uma variacao enzimatica de 6rgao para 6rgdo e, concluiu-se que o
longo tempo de administracdo da taurina por via oral causou efeito nos niveis normais da
atividade antioxidante de suas enzimas (ANAND et al 2011).

Su e colaboradores (2014) demonstraram que, no modelo experimental de
traumatismo craniano induzido por perfusao lateral em ratos, o tratamento com taurina na
dose de 200 mg/kg, imediatamente apos a lesdo e diariamente ao longo de 7 dias por
injecdo intravenosa, foi capaz de melhorar a recuperacdo funcional, diminuindo os niveis
de expressdao de GFAP (proteina fibrilar acida glial), e vérias citocinas como IFN-a
(interferon-a), IL-1p, IL-4, IL-5, IL-6, IL-10 e TNF-o. Legitimando o achado principal
de varios estudos acima citados, a taurina na dose de 100 mg/kg também foi capaz de
prevenir a toxicidade espermatica e testicular induzida pelo decanoato de nandrolona
(esterdide anabdlico) em ratos. Sendo este efeito protetor, relacionado as suas atividades
antioxidantes, anti-inflamatorias e anti-apoptéticas, demonstradas através da diminuicao
da expressdo dos niveis de TNF-a, producdo de NO, e reduziu o dano ao DNA, bem como
0 aumento da atividade de SOD, e niveis de glutationa reduzida (AHMED, 2015).

Estudos in vitro e in vivo demonstram que a taurina estd apresenta efeitos
benéficos sobre o sistema reprodutor (YANG et al., 2017; ADEDARA et al., 2018). In
vitro, o papel protetor da taurina foi demonstrado sobre espermatécitos de ratos em
cultura celular, expostos a radiacdo ionizante (raios-y) e comparados quanto a
administracdo prévia de taurina. Em doses de 20, 40, 80 mM, a taurina foi responsavel
por atenuar a citotoxicidade, além de diminuir a producdo de ROS e a taxa apoptoética das
células (YANG et al., 2017). Além disso, estudos anteriores revelaram ainda que a

atividade antioxidante da taurina melhorou a disfuncgéo reprodutiva em ratos com
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hipertensdo induzida. Os grupos tratados com taurina obtiveram normalizagdo das
enzimas antioxidantes superoxido dismutase, catalase e glutationa peroxidase
encontradas nos testiculos e no epididimo, além de apresentarem aumento no nimero de
espermatozoides e na motilidade dos mesmos (ADEDARA et al., 2018).

Em relacéo a reproducdo em fémeas, Mu e colaboradores (2015) investigaram o
papel deste aminoacido sobre a secrecdo de seis horménios, durante os estagios do ciclo
estral. O estudo analisou ratas fémeas durante 60 dias, sendo elas divididos em 5 grupos:
grupo controle (C), grupo taurina 1% em &gua (T1), grupo taurina 2% em agua (T2),
grupo B-alanina 1% em agua (B1), grupo B-alanina 2% em agua (2). O nivel do horménio
foliculo-estimulante (FSH) sofreu um aumento néo significativo, ja o horménio liberador
de gonadotrofina (GnRH) teve aumento significativo no grupo T2 (em metaestro). O
horménio luteinizante (LH) encontrou-se aumentado apenas em proestro no grupo T2, a
prolactina (PRL) encontrou-se aumentada em todas as fases do ciclo, nos grupos T1 e T2
quando comparados ao grupo controle. O estradiol (E2) teve seus niveis aumentados nos
animais em proestro e estro em ambos 0s grupos (T1 e T2). Concluindo, portanto, que 0s
efeitos da taurina na reproducdo feminina pode ser alcancado principalmente regulando a

atividades de hormdnios relacionados ao eixo hipotalamo-hipdfise-ovario.

1.4 Alcool

A substéancia licita mais comumente utilizada e, a terceira causa de morte no
mundo é o alcool (KOOB e MOAL, 2005). Dentre os seus principais consumidores
encontram-se 0s adolescentes na faixa etéria entre 15-25 anos cujo, consumo médio é de
112 g por dia (DAWSON et al, 2008; KIRBY e BARRY, 2012). Algumas evidéncias na
literatura indicam uma alta relagcdo entre o consumo na adolescéncia e posterior abuso de
alcool na vida adulta (WILCOX et al, 2014). Além disso, no periodo da adolescéncia o
cerebro esta em processo de maturacdo que requer mudancas em sua neurotransmissdo e
em sua plasticidade sinéptica, o que é acompanhado de mudancas estruturais em regides
especificas (hipocampo, cortex pré-frontal e sistema limbico) (DAHL, 2004). Todas estas
evidéncias sugerem que o cérebro adolescente pode ser mais vulneravel aos efeitos
maléficos do alcool (SLAWECKI et al, 2004), como a intoxicacao alcodlica que resulta
em dano e morte cerebral, em processos de estresse oxidativo e inflamagdo (WHITE et

al, 2000; OBERNIER et al, 2002). Por tais motivos, uma avaliagdo de alcool associado
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ou ndo a bebidas energéticas sobre diversos pardmetros comportamentais, oxidativos e
imunoldgicos se faz tdo necessaria nesta populacéo.

As revisdes na literatura que abordam sobre o consumo de alcool em adolescentes
retratam alteracfes na substancia cinzenta do cérebro tanto em areas corticais quanto
subcorticais, sendo que estas alteracdes diminuem o volume do cortex pré-frontal,
hipocampo e amigdala. Tais alteracfes cerebrais causam danos em funcgdes
neurocognitivas como a memoria e o aprendizado (JACOBUS e TAPERT, 2013).
Avaliando os efeitos do alcool no organismo, ratos Wistar machos e fémeas, em
populacéo adolescente (28-56 dias) (0,5; 1 e 2 g/kg) e adulta (65-102 dias), foram tratados
com alcool (0,5; 1 e 3,5 g/kg) em garrafas de livre escolha através do teste Conditioned
Taste Aversion (CTA). Os resultados encontrados foram que ratos adultos tem maior
aversdo ao alcool e consomem menores quantidades, porém ao longo do tempo os
adolescentes diminuem o consumo enguanto os adultos aumentam, e que gquanto maior a
dose de alcool maior sera a aversdo condicionada ao gosto, tanto em adolescentes quanto
adultos (SAPYTA et al, 2014). Em trabalhos da literatura que avaliam o efeito da
abstinéncia de alcool, Zahr e colaboradores (2016), submeteram ratos Wistar a 4 dias de
tratamento com alcool (5 g/kg) seguido de 10 dias de abstinéncia, e os resultados
encontrados foram opostos aos relatados anteriormente, visto que ndo houve incremento
do consumo de alcool apds a abstinéncia, ou dano cerebral persistente, quantificado por
método de imagem in vivo, assim como nao houve dano hepatico.

O alcool ingerido em grupos mais vulneraveis pode causar alteracdoes
imunoldgicas significativas, Pascual et al (2014) observou que 3 g/kg de alcool via
intraperitoneal, por um periodo de 2 semanas, em ratos adolescentes (30 dias) causa o
aumento da expressédo de de receptores de reconhecimento de padrdes como o Receptor
Tool Like (TLR4 e TLR2), envolvidos na ativacdo de células da imunidade inata e
consequente producdo de citocinas inflamatorias (TNF-o e IL-1p), assim como
desintegragéo da bainha de mielina dos neurénios do cdrtex pre-frontal, contribuindo para
o déficit cognitivo comportamental. Assim como o experimento anterior, Alfonso-
Loeches e colaboradores (2013) também avaliaram os efeitos de receptores Tool-Like,
apos administracdo de alcool (10% misturado a agua na garrafa) em camundongos
machos e fémeas C57BL/6 WT (TLR4**) e C57BL/6 KO (TLR4” knockout) por um
periodo de 5 meses. Ao final da exposicdo observou-se que o &lcool causou a maior
expressdo de enzimas inflamatdrias (iNOS e COX-2), citocinas (IL-1B, TNF-a), ativacao

da caspase-3 e perda neuronal do cértex cerebral dos animais de ambos 0s sexos, porém
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os camundongos do sexo feminino tendem a ter os maiores niveis nos parametros
avaliados, sendo que os animais nocautes de TLR4 foram protegidos contra os efeitos
deletérios do alcool em ambos os géneros.

No periodo da adolescéncia, importantes transformacgdes podem ser influenciadas
pelo consumo de bebidas alcoolicas. O aumento do hormonio liberador de hormonio
luteinizante (LHRH), que promove a secrecdo das gonadotrofinas hipofisarias,
responsaveis por estimular a secrecdo de esteroides gonadais para maturacdo dos 6rgaos
reprodutivos, também sofre acdo do &lcool, através da alteracdo na expressdo de genes
que regulam esse aumento (DEES et al., 2017). Em meninas, 0 atraso no desenvolvimento
puberal, principalmente das mamas e da menarca, € quatro vezes maior naquelas que
fazem uso de alcool (PECK et al., 2011).

O consumo de alcool por adolescentes aumenta o risco de alteracdo de funcdo
neuroenddcrina, potencialmente modificando o tempo de desenvolvimento pubertal. Os
estudos demonstram que o alcool atua no hipotalamo alterando a expresséo e funcdo de
genes excitatorios e inibitdrios e neuro-hormonios relacionados a puberdade, que séo
criticos para 0 aumento oportuno da secre¢cdo de LHRH (hormonio liberador do horménio
luteinizante) e o inicio da puberdade (DEES et al, 2017).

Os efeitos negativos sobre o sistema reprodutivo masculino, associados ao uso do
alcool, também sdo relatados. Diminuicdo na massa dos testiculos e 6rgdos sexuais
secundarios, baixos niveis séricos de testosterona e impoténcia erétil se relacionam a
exposicao cronica de ratos machos a bebidas alcodlicas (EMANUELE e EMANUELE,
2001; MUTHUSAMI e CHINNASWAMY, 2005). Outros estudos avaliando o potencial
toxico na reproducdo feminina sugerem que a ingestao de alcool de modo excessivo causa
toxicidade reprodutiva marcante, tal como diminuicdo da fertilidade, obstrucdo da
ovulacéo, e reducdo da massa dos ovérios. Devido a ocorréncia de eventos apoptoticos

nas células granulosa causando reducéo da viabilidade celular (LIU et al., 2018).

1.5 Protocolo binge drinking

O protocolo do tipo binge drinking é identificado pelo consumo excessivo de
alcool em curto periodo de tempo, atingindo um nivel de concentracdo sanguineo de 0,08
g/dL, correspondendo a 5 ou mais doses em homens e 4 ou mais doses em mulheres, em
um periodo de 2 horas (National Institute on Alcohol Abuse and Alcoholism-NIAAA).

Caracterizando-se entre intoxicacao alcoolica intensa e periodos de abstinéncia em dias
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alternados (MAURAGE et al, 2020). Este tipo de protocolo é muito comum em
adolescentes e adultos jovens em paises do Ocidente (LEES et al, 2018). Um estudo
conduzido na Europa revelou que adolescentes entre 0s 18 e 19 anos sdo a principal faixa
etaria de consumo alcoolico do tipo BD (binge drinking), principalmente nos paises do
oriente europeu (DORMAL et al, 2019). A faixa etaria de consumo deste tipo de
protocolo varia entre os estudos, porém muitos entram em consenso que comeca ao redor
dos 13 anos de idade e que sua prevaléncia aumenta na adolescéncia e chega ao pico na
idade adulta (18-22 anos) (ADAN et al, 2016).

Segundo a revisdo de Carbia e colaboradores (2018) o consumo do tipo BD ¢é
associado ao déficit de memoria verbal e em fungdes executivas, principalmente a um
controle inibitério deficiente, porém a atencdo, velocidade, memoria de curto prazo e
construcdo visuoespacial parecem ndo ser afetadas. De acordo com Siqueira e
colaboradores (2015), o alcool é a substancia de maior abuso por criancas e adolescentes
nos Estados Unidos sendo causa de morte e ferimentos graves nesta idade (acidente de
carro, homicidio e suicidio). Sendo que os consumidores do tipo BD tendem a ser pessoas
extrovertidas, impulsivas e em busca de grandes emocdes, mas também podem se tornar
mais estressadas, ansiosas e deprimidas, devido ao consumo excessivo de &alcool
(KUNTSCHE et al, 2017). Em relagéo a diferenga de consumo entre 0s sexos, de acordo
com dados da literatura, os homens tendem a consumir o alcool (tipo BD) em maior nivel
do que as mulheres e estas diferencas entre 0s sexos aumenta com a idade (12-20 anos)
(CHUNG et al, 2018).

1.6 Bebidas energéticas, cafeina, taurina e alcool avaliados sobre diversos

parametros

Um protocolo na literatura que mimetiza o consumo feito por humanos chamado
de Binge Drinking (3 dias de tratamento por semana) é utilizado como modelo animal de
estudo, o qual pode-se dar de maneira aguda (1 semana) ou de forma subcronica (4
semanas) (LAUING et al, 2008). Neste sentido, Fagundes et al (2016) avaliaram o efeito
deste protocolo, sobre as glandulas salivares pardtidas e submandibulares, em ratas
fémeas Wistar (35 dias) em dois grupos de estudo, um exposto a 1 semana de tratamento
com alcool (3 g/kg) e outro grupo exposto ao mesmo tratamento, porém ao longo de 4

semanas. Os autores demonstraram que ndo houve diferenca entre os grupos em relagéo
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a concentracdo de nitritos na parotida e submandibular, mas houve aumento significativo

dos niveis de malondialdeido (MDA) nas respectivas glandulas.

Costa Valle (2018) avaliou a neurotoxicidade subcrdnica oral de bebida energética
em ratos, bem como seus respectivos constituintes: cafeina e taurina, isoladas e em
associagdo. Os resultados demonstraram que 0s grupos tratados com cafeina (3,2 mg/kg)
e taurina (40 mg/kg) (doses equivalentes ao consumo de 3 latas), tiveram melhor
desempenho nos testes de memoria de curta duracdo. Entretanto, observou-se um
desbalanco na atividade das enzimas antioxidantes: superéxido dismutase (SOD),
catalase (CAT) e glutationa peroxidase (GPx) no cértex pré-frontal, hipocampo e
estriado, principalmente nos grupos tratados com a associacao de cafeina e taurina. Além
do aumento na producdo de espécies reativas de oxigénio no cortex pré-frontal e
hipocampo, principalmente nos ratos tratados com a associacdo de cafeina e taurina.
Porém, os grupos tratados com energético ndo apresentaram diferenca nos niveis de
enzimas antioxidantes. Neste estudo, em todos o0s testes foi evidente que a associagédo de
cafeina e taurina, em concentracdes semelhantes a maior dose de energético, diferiu dos
efeitos da administracdo apenas do energético.

Na literatura, poucos estudos foram encontrados avaliando impacto de energéticos
no sistema antioxidante. ZEIDAN-CHULIA e colaboradores (2013) avaliaram cafeina,
taurina e guarana sobre o sistema antioxidante em células humanas neuronais SH-SY5Y
e demonstraram que houve reducdo dos niveis basais de geracdo de radicais livres. A
combinacéo de cafeina ou taurina com guarana induziu uma diminui¢do na atividade da
superoxido dismutase (SOD) in vitro, assim como a associa¢do de cafeina ou taurina ao
guarand diminui a atividade da catalase (CAT) nas células, porém ndo houve mudancas
na atividade da glutationa peroxidase (GPx).

Os efeitos de taurina, cafeina, e energeticos associados ao alcool também tem sido
investigado sobre diferentes aspectos. Neste contexto, 0 consumo diério por 4 semanas
de energéticos da marca Red Bull® (1,5 mL/100g) por ratos Wistar causou significativa
hepatotoxicidade com alteragdes histopatoldgicas e em enzimas hepéticas (ALT e AST),
além de perda da arquitetura e necrose de hepatocitos (KHAYYAT et al., 2012). Em
adicdo, verificou-se que o tratamento com energéticos (3,75 mL/kg e 7,5 mL/kg)
associadas ao alcool (1,0 g/kg e 2,0 g/kg) em ratos Wistar por 30 dias elevaram os niveis
de uréia, creatinina, enzimas hepéticas, bilirrubina total e potassio (UGWUJA, 2014).
Referente ao efeito desta associagdo em relagcdo a marcadores de inflamacéao e parametros
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oxidativos, Diaz e colaboradores (2016) demonstraram que a exposicdo de ratos Wistar
machos (de 90 dias) a associacdo de alcool (2,5 g/kg) e energético (7,5 mL/kg) por 60
dias aumentou a gliose reativa e expressdo proteica de IL-1p, TNF-a, iNOS, geragdo de
espécies reativas de oxigénio e peroxidacdo lipidica. Reis e colaboradores (2017)
avaliaram o consumo de energéticos (3,5 g/kg e 7 g/kg) associados ou ndo ao consumo
de &lcool (1 g/kg) sendo o tratamento por via oral ao longo de 14 dias, através da formacao
de espécies reativas de oxigénio (ROS) nas medidas de SOD, CAT, GSH, MDA
(malondialdeido) e analises histopatoldgicoas nos érgdos figado e cérebro. A conclusédo
do estudo mostrou que tanto os energéticos quanto o alcool causou dano oxidativo e
peroxidacdo lipidica nas estruturas analisadas, porém o efeito danoso foi pior quando
ocorreu sua associagao.

Os testes de comportamento animal também sdo avaliados em trabalhos na
literatura, associando alcool e bebidas energéticas. Krahe e colaboradores (2017)
utilizaram camundongos Swiss (40 dias) em grupo tratados com alcool (4 g/kg 40%) e
energético (8 mL/kg), separados e em associacao, em testes de locomocéo e coordenacao
motora (open-field e rota-rod, respectivamente). Os resultados encontrados foram que a
associacao de alcool e bebida energética aumenta a atividade locomotora, porém aumenta
a ansiedade e demonstra piores desempenhos de coordenagdo motora.

Em humanos, a administracdo conjunta de alcool e energético, em populacdo
adolescente, interfere nos sintomas estimulantes e de depressdo. Sendo que, quanto maior
a ingesta de energéticos (acima de 3 latas) maiores serdo os efeitos estimulantes e os
efeitos da intoxicacdo alcoolica (DROSTE et al, 2017). O efeito do consumo de alcool
(3,4 g/kg) associado ou ndo ao energético (10,71 mL/kg) por 6 dias consecutivos também
foi avaliado em testes comportamentais (teste de atividade locomotora, teste de
reconhecimento de objeto, teste de discernimento social e teste de condicionamento de
preferéncia por lugar). Os achados encontrados foram que a associacdo de energeético ao
alcool ndo previne subsequentes danos cognitivos, e em maior grau sua associagdo
aumenta o comportamento de busca pelo alcool, ou seja, a associacdo de bebida
energética ao alcool pode estar relacionada ao abuso e dependéncia alcodlica
(TAKAHASHI et al, 2015).

Camundongos tratados via i.p com cafeina (1, 5, 15, 30 mg/kg), taurina (30, 60,
300, 600 mg/kg) e etanol (1,75, 2,5, 3,25 g/kg) tiveram seu desempenho avaliado em teste
de locomocéo (Open Field). Os testes foram realizados de forma aguda e 19 dias apos

administracdes (com apenas cafeina), e ao final com as combinacdes de etanol e taurina.
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Os resultados encontrados revelarem que a cafeina aumenta a atividade locomotora e
produz um efeito aditivo na atividade locomotora induzido pelo etanol. Além disso,
embora ndo tenha um efeito substancial na locomocao por si s6, ou em combinacdo com
0 etanol, a taurina pode potencializar ainda mais esse efeito em doses especificas
(ULENIUS et al, 2019).

Os achados disponiveis na literatura relacionam o efeito do &lcool, cafeina,
taurina, e energéticos de forma isolada no organismo, porém a sinergia de todos estes
componentes nao é explorada. O alcool possui inimeros achados quanto a sua toxicidade.
A cafeina e a taurina a possivel protecdo a danos oxidativos e imunoldgicos. No entanto
o resultado de sua administracdo ao longo do tempo, e em protocolo descontinuo ainda
ndo foram descobertos. Este estudo teve como justificativa averiguar a associacdo de
alcool e energéticos, assim como os constituintes da bebida energética (cafeina e taurina),
sobre  parametros hematologicos, bioquimicos, imunoldgicos, histoldgicos,

comportamentais e reprodutivos em ratos Wistar machos e fémeas durante a puberdade.
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3 OBJETIVOS

3.1 Objetivo geral

Considerando o aumento progressivo do consumo de energeéticos associados ao
alcool, o pouco conhecimento acerca do impacto toxicolégico deste consumo excessivo
e a escassez de dados cientificos sobre os efeitos da associacdo cafeina-taurina-alcool,
este estudo teve como objetivo avaliar a toxicidade de bebida energética, seus
constituintes cafeina e taurina, isolados e em associagdo ao alcool em ratos Wistar pré-

puberes em protocolo descontinuo de administragdo repetida do tipo binge drinking

3.2 Objetivos especificos

Avaliou a toxicidade de bebida energética, dos constituintes cafeina e taurina
associados ou ndo ao alcool, em protocolo binge drinking de administracdo em ratos
Wistar pré-paberes (28-60 dias) machos e fémeas;

Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administracdo sobre os parametros bioguimicos de ureia, creatinina, alanina
transaminase (ALT), aspartato transaminase (AST) em ratos Wistar pré-puberes (28-60
dias) machos (artigo 1);

Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administracdo sobre os parametros hematoldgicos através de hemograma
completo e contagem diferencial de série branca de ratos Wistar pré-puberes (28-60 dias)
machos (artigo 1);

Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administracdo sobre a producdo de citocinas pré-inflamatérias TNF-a, IL-1p,
ROS e 6xido nitrico no plasma de ratos Wistar pré-puberes (28-60 dias) machos (artigo
1);

Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administracdo sobre avaliacdo histopatoldgica em figado, rim e adrenal de
ratos Wistar pré-puberes (28-60 dias) machos (artigo 1);

Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administracdo sobre o comportamento de ratos Wistar pré-puberes (28-60
dias) machos e fémeas, por meio dos testes open field, pluz maze e reconhecimento de

objetos (artigo 2);
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Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administragdo sobre a regularidade de ciclo estral, massa relativa dos 6rgaos
sexuais, e qualidade dos odcitos quanto a sua morfologia e maturagdo em amostras de
ratas Wistar fémeas pré-puberes (28-60 dias) (artigo 2);

Avaliou o efeito da bebida energética, cafeina, taurina e alcool em protocolo binge
drinking de administracdo sobre parametros reprodutivos de massa relativa dos 6rgaos
sexuais, numero de espermatides e espermatozoides, e avaliacdo morfoldgica dos
espermatozoides, em amostras de ratos Wistar machos pré-puberes (28-60 dias) (artigo
2);
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Abstract

The consumption of energy drinks reaches an increasing number of adolescents and
young adults. Its consumption associated with alcohol has been high among young
people. The aim of this study was to evaluate the effects of alcohol, energy drink, and its
constituents (caffeine and taurine), associated or isolated in a Binge Drinking protocol on
proinflammatory cytokines production, histological evaluation (kidney and liver),
hematological, biochemical and oxidative parameters. Male Wistar rats (prepubertal)
were treated from the 32nd day of life by gavage using the Binge Drinking protocol (3
consecutive days, with an interval of 4 days per week, for 4 weeks) with energy drink (10
mL/kg), caffeine (3.2 mg/kg), taurine (40 mg/kg) or alcohol (2 g/kg, 20%), combined or
isolated. The results revealed an increase in the production of inflammatory cytokines
(TNF-a and IL-1p) most in the groups treated with energy drinks, alcohol, and alcohol
associated with energy drinks. As well as the increment presence of histopathological
changes in liver and kidneys (vacuolization, cellular infiltrate, and hydropic
degeneration), mainly in groups treated with alcohol. The results suggest harmful effects
of alcohol and energy drink, in a discontinuous protocol of repeated exposure to
prepubertal Wistar rats, which should be investigated in the medium and long term on the

various biological systems.

Keywords: energy drinks associations, adolescents, alcohol abuse, experimental study,

cytokines.
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1. Introduction

The consumption of energy drinks has grown exponentially in the last decades
and reached an extraordinary number of consumers around the world (Bailey et al., 2014).
The adolescents are being the main consumers and the target of marketing strategies
responsible for moving this economic market (Howland et al., 2013). The formulations
containing several components are intended to increase the state of alertness, attention,
and energy boost (Pennay et al., 2012). The main component is caffeine, which is present
in large quantities, and the others are taurine, vitamins, and sugars (Ishak et al., 2012). In
some formulations it is possible to observe the presence of ginseng, Ginko biloba, guarana
and glucuronolactone (Sanctis et al., 2017; Higgins et al., 2010).

The multi billionaire industry of energy drinks grow every day and as result
numerous health agencies create guidelines for the protection of children and adolescents.
Mainly because they can be in contact with large quantities of these excitatory
components (Zucconi et al., 2013). Countries such as Denmark, Turkey, Norway,
Uruguay, Switzerland, Lithuania, Latvia and Iceland have banned or restricted the sale to
minors (under 18 years of age) (NIHID, 2013; Australian Food News, Reyes et al., 2015).

Energy drinks cause health problems related to neurological and cardiac effects
(Curran and Marczinski, 2017), which generates major medical emergencies mainly in
more vulnerable conditions (cardiac patients, with sleep disorders, anxious and stressed)
(Alietal., 2015). In addition to the intake of energy drinks, it is common to mix alcohol
by adolescents and young adults, which leads to an increase in alcohol consumption and
more severe intoxications (Caviness et al., 2017). This is due to the effects of alcohol
intoxication being masked by the stimulating effect of the caffeine present in energy

drinks, but the deleterious effects continue to exist (Roemer and Stockwell, 2017).
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The binge drinking is very common in adolescents and young adults and is
characterized by greater consumption of alcohol on some days of the week. According to
Caetano and collaborators in partnership with the INPAC institute (2013), in Brazil, about
40% of men and 18% of women report consumption in this way. However, alcohol in
critical periods of development can alter the plasticity and maturation of neural cells,
which can cause behavioral and cognitive damage (Guerri and Pascual, 2010).

Several issues related to the toxic effects of the associated consumption of alcohol
and energy drinks remain unclear, especially among adolescents, as well as the type of
effect in relation to different forms of consumption. This study aimed to evaluate the toxic
effect of discontinuous and repeated exposure of energy drinks and their main
constituents (caffeine and taurine) associated or not with alcohol, through the Binge
Drinking protocol during puberty in Wistar rats on proinflammatory cytokines
production, histological evaluation (kidney and liver), hematological, biochemical and

oxidative parameters.
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2. Materials and methods
2.1 Animals

The project was approved by the Ethics Committee on the Use of Animals
(CEUA) (221/17) of the Universidade Federal de Ciéncias da Saude de Porto Alegre
(UFCSPA). All experiments followed NIH guidelines for the use and care of
experimental animals. Male Wistar rats (N = 100), with 28 days were bred and kept in the
bioterium of UFCSPA, in groups of 3 to 4 animals per box, under ideal temperature
conditions (22 £ 2° C) with a 12-hour dark light cycle (from 7 a.m. to 7 p.m.), and with
free access to water and food.
2.2 Binge Drinking protocol

The Binge Drinking protocol consisted of the oral administration (gavage) of
different solutions containing alcohol for 3 consecutive days, once a day, for 4 weeks,
with intervals of 4 days a week from the 32nd day of life (at 28 days the animals started
getting used to the researcher). The period of life chosen to administer the animals was
adolescence (28 days old in rats) to mimic the consumption in humans. The animals were
divided into 10 groups of 5 animals per group and were treated orally for 28 days with
energy drink 10 mL/kg, caffeine 3.2 mg/kg, taurine 40 mg/kg, caffeine 3.2 mg/kg +
taurine 40 mg/kg, distilled water 10 mL/kg, alcohol 20% (2 g/kg) (control ethanol),
alcohol 20% (2 g/kg) + energy drink (10 mL/kg), alcohol 20% (2 g/kg) + caffeine 3.2
mg/kg, alcohol 20% (2 g/kg) + taurine 40 mg/kg and alcohol 20% (2 g/kg) + caffeine 3.2
mg/kg + taurine 40 mg/kg. The dose of energy drink administered to the animals was
equivalent to the consumption of 3 cans of 250 mL of energy drink by an adult man with
an average weight of 75 kg, thus, each animal in the energy drink group received 10

mL/kg of the respective commercial product ©Red Bull. The doses of the caffeine (3.2
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mg kg) (Sigma Aldrich, Brazil), taurine (40 mg/kg) (Sigma Aldrich, Brazil) and
association groups were equivalent to those present in 10 mL of the energy drink (Ferreira
et al., 2013). The alcoholic solution (ethanol P.A) administered had a concentration of
20%, equivalent to doses of 2 g/kg. Caffeine, taurine and alcohol were solubilized in
distilled water. In all experiments, distilled water was used as a control and administered
by gavage, as well as the other treatments, obeying the maximum volume of 10 mL/kg.
2.3 Sample preparation

The animals were euthanized on the 60th day and evaluation proinflammatory
cytokines production, histological evaluation (kidney and liver), biochemical and
oxidative parameters. The animals were euthanized by guillotine, without previous
anesthesia, since the use of anesthetic could interfere in the analysis of the activity of
antioxidant enzymes and in the production of inflammatory cytokines, in the central
nervous system (Delogu et al., 2004; Yesilkaya et al., 1998; Turkan et al., 2004). The
structures were dissected and frozen at -80° C until further analysis. The Flowchart
Experimental design (Figure 1) shows the treatment groups under study, as well as the
Binge Drinking protocol, and the analyzes that were performed.
2.4 Hematological and biochemical evaluations

Hematological analyses were performed using blood collection using the
hematology analyzer (Micros-60). The erythrogram counted: platelets, red blood cells,
hematocrit (HCT), hemoglobin (HGB), mean corpuscular volume (CMV), mean
corpuscular hemoglobin (HCM) and mean hemoglobin concentration (CHCM). The
leukogram evaluated the total leukocyte count and the number of monocytes,
lymphocytes, basophils, neutrophils and eosinophils.

Biochemical analyses were assessed using markers of renal function (serum urea

and creatinine), liver function (alanine aminotransferase (ALT), aspartate
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aminotransferase (AST) and alkaline phosphatase (FA)) and cardiac muscle damage
marker (creatine phosphokinase mb fraction (CKMB)). The serum quantifications were
performed using commercial kits (DGKC Bioclin®), according to the manufacturer's
instructions, in an X BS-120 spectrophotometer.

Hematological and biochemical assessments were developed as complementary
tests and are presented in tables on supplementary data.
2.5 Histological analyses

The organs (liver, kidneys and adrenals) were fixed in 10% buffered
formaldehyde for histological analysis. After standard histological preparation of the
tissues, the paraffin blocks were sectioned into 3 um fragments, which were mounted on
a slide, stained with hematoxylin/eosin and observed under an optical microscope at 40,
100 and 400x. Histopathological analyses was conducted by total screening of each slide
in search of changes in tissue structure (cell degenerations, congestion, infiltrate), which
are characterized by severity scores (mild (focal), moderate (1/3) and severe (2/3),
according to the proportion in relation to the tissue sample. At the end of the evaluation
of each slide (per organ), the scores for each change were presented as median and
interquartile intervals, as well as the sum of changes per organ, for each experimental
group (N=5/group).
2.6 Systemic cytokine levels

The systemic levels of interleukin-1p (IL-1 B) and tumor necrosis factor a (TNF-
a) were evaluated by Enzyme Linked Immunosorbent Assay (ELISA) following the
manufacturer’s recommendations (Peprotech Inc., EUA). The intra-assay coefficient was
< 7.5%. The detection limits of each cytokine were: IL-1, 9 — 1000 pg/mL; TNF- a 4
— 500 pg/mL.

2.7 Reactive oxygen and nitrogen species
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The systemic levels of reactive oxygen species (ROS) were evaluated through the
fluorescence intensity of the redox-sensitive dye 2’,7'-dichlorodihydrofluorescein
diacetate (DCFH, 100 uM, Sigma-Aldrich) (excitation and emission wavelengths of 480
and 535 nm, respectively) using SpectraMax MZ2e (Molecular Devices, USA). The
systemic nitrite levels were measured as a metabolite of nitric oxide in the plasma by the
Griess method as previously described by Miranda and coworkers (2001).

2.8 Statistical analysis

The normality of the data was assessed by the Shapiro-Wilk test, with the data
with normal distribution being presented as mean + standard deviation and the statistical
analysis performed by one-way ANOVA or repeated measures. Qualitative data and/or
that did not have a normal distribution are presented in medians and interquartile intervals
and evaluated by the Kruskal Wallis test. All analyses were performed using SPSS

Statistics version 23.
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3. Results
3.1 Hematological and biochemical analyses

As general parameters to evaluate the alterations induced by discontinuous
protocol of repeated exposure to alcohol and energy drinks, associated or isolated in
young rats. It was observed the effects of the exposure on hematological parameters as an
indicator of systemic damage and biochemical parameters as indicator of muscle cardiac
damage, liver, and kidneys enzymes. There was no statistical difference in the
hematological parameters evaluated (WBC, RBC, HCT, HGB, VCM, HCM, CHCM and
PLT) (p > 0.05, one-way ANOVA or Kruskal Wallis) (Appendix 1), nor in the
biochemical parameters (ALT, AST, FA and CKMB) (p > 0.05, one-way ANOVA or
Kruskal Wallis) (Appendix 2)
3.2 Histological analysis

To analyze the possible effects of discontinuous protocol of repeated exposure of
alcohol and energy drinks, associated or isolated in young rats. The renal and hepatic
tissue was selected to evaluate the possible toxic effects of alcohol on the body, isolated
and associated with energy drinks. Since these tissues are responsible for filtering and
eliminating toxins. To observe possible stress effects (cortisol liberation) caused by
alcohol, the adrenal tissue was analyzed. In general, it was observed significant alterations
including congestion, hemorrhage, hydropic degeneration, hyaline degeneration,
vacuolization, and cellular infiltration. Of these, the most common are vacuolization,
cellular infiltration, and hydropic degeneration. In these analyses, the isolated scores of
each alteration were compared and also the sum of the scores of all alterations present in
each evaluated organ.

The liver tissue showed a statistical difference in relation to the presence of

cellular infiltrate (alcohol and alcohol + caffeine + taurine groups were different from the
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control group) (p < 0.001, Kruskal-Wallis) (Table 1). Hydropic degeneration and
vacuolization were the most common changes in the sum of the scores (in the groups:
alcohol, alcohol + energy drink, alcohol + caffeine and alcohol + caffeine + taurine
compared to the control) (p < 0.0001, Kruskal-Wallis). The letter B on the figure 2
showed the liver on the group treated with alcohol + caffeine + taurine, and similar results
were found in the treated groups (Figure 2).

The renal evaluation showed a significant difference in relation to the sum of the
vacuolization and cellular infiltrate (p < 0.0001, Kruskal-Wallis), as we can see in the
letter D on kidney in the group treated with alcohol. The groups: alcohol, alcohol + energy
drink, alcohol + caffeine, alcohol + taurine and alcohol + caffeine + taurine was different
from the control (Figure 2). However, the scores separately did not show difference in
vacuolization and cellular infiltrate (Table 1).

In relation to adrenal tissues, although we did not find any significant difference
between the groups in relation to the isolated alterations on vacuolization and cellular
infiltrate, there was a difference in sum of changes (p < 0.0001, Kruskal-Wallis) for
groups of caffeine, alcohol + taurine and alcohol + caffeine + taurine in relation to control
animals (Appendix 3). In the figure on the appendix 3 it’s possible to see the group treated
with alcohol + caffeine + taurine, that had similar histological as the other groups.

3.3 Cytokine, nitric oxide and reactive oxygen species determination

The systemic levels of IL-1p were increased in the animals treated with energy
drink, alcohol, alcohol + energy drink and alcohol + caffeine + taurine compared to the
animals of control group (p < 0.0001, ANOVA post-hoc Bonferroni) (Figure 3). TNF-a
also was increased in the serum of animals administrated with energy drink, alcohol, and

alcohol + energy drink (p < 0.0001, Kruskal-Wallis) (Figure 3). The association of alcohol
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with caffeine or taurine reduced the production of pro-inflammatory cytokines in relation
to animals treated with alcohol and/or energy drinks.

The production of nitric oxide was different in the alcohol and alcohol + energy
drink groups compared to the control (p < 0.005, ANOVA post-hoc Bonferroni) (Figure
3). However, the production of reactive oxygen species was not different between groups
(p = 0.67, Kruskal-Wallis) (Figure 3).

4. Discussion

The discontinuous protocol of repeated exposure of energy drinks and in
association with alcohol was able to induce histopathological changes in the liver, kidneys
and adrenals, mainly generating vacuolization and cellular infiltration in groups treated
with alcohol. The systemic levels of IL-1p were increased in the animals from groups of
energy drinks, alcohol, alcohol associated with energy drinks and alcohol associated with
caffeine and taurine compared to the control group. In addition, TNF-a was increased in
serum of energy drink, alcohol and alcohol associated with energy drinks. Among these
findings, it is important to emphasize that the association of alcohol with caffeine and
taurine separately was able to decrease the production of pro-inflammatory cytokines,
close to the values found in the control group. However, the administration of the
components did not influence the hematological and biochemical parameters. In general,
the results of hematological and biochemical parameters found in our study were like the
values described of controls of others bioteriuns described in other studies (Lima et al.,
2014; Melo et al., 2012).

The literature finds discrepancies regarding the influence of energy drinks and
alcohol on blood parameters, in relation to our findings. The Red Bull® energy drink
administrated (1.5 mL/100g) daily for 4 weeks in Wistar rats, caused significant

hepatotoxicity with histopathological changes and liver enzymes (ALT and AST) and the
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loss of architecture and necrosis of hepatocytes in rats (Khayyat et al 2012). Ugwuja et
al. (2014) found that the treatment with energy drinks (3.75 mL/kg and 7.5 mL/kQ)
associated with alcohol (1.0 g/kg and 2.0 g/kg) in Wistar rats, for 30 days, increased the
levels of urea, creatinine, liver enzymes, total bilirubin, and potassium. In our study it
was not find hematological or biochemical alterations, the difference among the studies
may be due to the type of protocol the age of animals and the doses administered.

The Binge Drinking protocol administration was able to generate alterations in
the liver and kidneys. The main changes observed were vacuolization, cellular infiltrate,
and hydropic degeneration. In agreement with our previous study, the main groups
affected were those treated with alcohol and its associations. Even without evaluating the
acute effect of the substances, the discontinuous repetition protocol, caused equal changes
in animals treated with the same doses and components. In the previous study, where
adult male Wistar rats were treated acutely (orally) with alcohol (20% 2g/kg), energy
drink (10 mL/kg), or their main components: caffeine (3.2 mg/kg) and taurine (40 mg/kg),
associated or isolated. The results showed that alcohol and the association with energy
drinks caused liver damage (congestion, hemorrhage, hydropic degeneration, and hyaline
degeneration) and kidney damage (hyaline degeneration and hemorrhage) (Costa Valle et
al., 2018).

Moreover, the literature confirms that alcohol causes toxicity, and that the main
organ affected is the liver. Male and female Sprague-Dawley rats submitted to Binge
Drinking protocol (3 doses in the interval of 12 h) with alcohol (5 g/kg body weight)
presented hepatic steatosis (fat vesicles) (Shukla et al., 2019).

The kidney is also an organ greatly affected by excessive alcohol consumption,
causing problems in the maintenance of body fluids, electrolytes, acid-base control and

even blood pressure (Epstein, 1997). “Semi-voluntary” alcoholism (only available liquid)

49



279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

(15% ethyl alcohol) to Wistar rats (50 days) for 12 weeks was able to induce the formation
of vacuoles in the renal tubules and reduce the space of the Bowman's capsule (Oliveira
etal., 2011). In another study with 90-day-old animals (Wistar rats) treated for 24 weeks
with alcohol (50 mL at 20%), daily in the drinking bottle, the histological analyses
revealed the presence of hydropic degeneration, hyaline degeneration, and macro fat
vesicles in the liver of the animals. An increase in the glomeruli was observed in the
kidney, with a lack of characterization of the Bowman's capsule space, proliferation of
mesangial cells, presence of hyperemia and regions of intense inflammation with the
presence of T lymphocytes (Sousa et al., 2018). Our results corroborate the literature data
showing liver and kidney histopathological damage induced even in a discontinuous
administration protocol. Carried out after a period greater than 24 hours (5 days after the
last administration), it was possible to observe significant tissue damage in liver and
kidney. A fact to be highlighted is the age of the animals, which are adolescents and are
in development, which causes greater concern.

The isolated energy drink also generates tissue damage, in this sense, according
to Mansy and collaborators (2017) Red Bull © (1.1/100 g and 2.2 mL/100 g daily) for 12
weeks induced damages to the hepatic tissue (congestion, inflammation and fibrosis) and
renal tissue (congestion, inflammation, degeneration and necrosis). Moreover, energy
drink (3.57 mL/kg) administered via gavage for 8 weeks to adult male Sprague-Dawley
rats caused congestion, hemorrhage, and necrosis in the renal tissue (Bano et al., 2020).
The dose administered in these studies is lower than that used in our study, but the
administration period is longer (our experiments were for 4 weeks).

Regarding to the pro-inflammatory cytokines, in this study an increase in the
production of TNF-a was found in groups treated with energy drinks, alcohol and alcohol

associated with energy drinks. Moreover, the production of IL-1b was also increased in
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these same groups and in the group treated with alcohol associated with caffeine and
taurine. Diaz et al. (2016) demonstrated that the exposure of male Wistar rats (90 days)
to the association of alcohol (2.5 g/kg) and energy drink (7.5 mL/kg) for 60 days increased
the proinflammatory cytokines of IL-1pB, TNF-a. Pascual et al (2014) observed that 3 g/kg
of alcohol intraperitoneally administrated to prepubertal rats (30 days) for a period of 2
weeks caused significant augment in the expression of Toll Like Receptor (TLR4 and
TLR2) in the prefrontal cortex, with subsequent increase in the production of TNF-o and
IL-1B in the brain. Another study demonstrated the isolated energy drinks also induced
the augment in IL-1 and IL-6 levels in serum of adult rats treated with Code Red © brand
at concentrations of 0.72 mL/100 g/day and 1.44 mL/100 g/day for 8 weeks (Alansari,
2020).

It is important to point out that the association of alcohol and caffeine or alcohol
plus taurine was able to inhibit the production of pro-inflammatory cytokines induced by
alcohol). These findings can be related to the fact that caffeine and taurine can act as anti-
inflammatory agents. Confirming these results, the administration of taurine (1g/kg) per
day for 6 weeks in adult male Wistar rats, was capable to decrease the expression of IL-
1B and TNF-a. in liver, however in the groups treated with alcohol (3g/kg) the production
was increased (Jen-Lin, et al. 2015). The administration of (2% w/v) associated with
alcohol (6 g/kg) for 60 days was able to decrease the production of pro-inflammatory
cytokines (IL-1p and TNF-a) in adult male Wistar rats compared to alcohol alone (Devi
et al., 2010). Caffeine has also been studied as a protector against immune damage due to
alcohol intake. In a study conducted with Kunming mice, alcohol intake (5% v / v), orally
over 8 weeks, associated with caffeine (at doses 5, 10 and 20 mg / kg) was able to decrease
the proinflammatory cytokines (IL-1p and TNF-a) in liver tissue, demonstrating that

caffeine has a protective role against alcoholic liver damage (Lv et al., 2010).
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5. Conclusion

Our data indicate that the discontinuous and repeated exposure of the energy
drinks associated with alcohol causes damage in young animals, which are in critical
period of development (puberty). Alcohol associated with energy drinks increased the
production of cytokines (TNF-a and IL-1B), indicating a possible participation of
inflammatory cytokines in the tissue damage. In contrast, caffeine and/or taurine
associated with alcohol decrease these parameters. These data show that the excessive
consumption of alcohol and energy drinks need caution, especially in adolescents and
young adults who ingest these components in the manner addressed by the Binge

Drinking protocol.
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Control (water)___ Energy drink Caffeine Taurine Caffeine + Taurine

/ 10 mL/kg 10 mlzkg 3.2 mgrkg 40 mg/kg 3.2 mg/kg + 40 mg/kg

T~ Alcohol Alcohol + Energy drink _Alcohol + Caffeine__Alcohol + Taurine__ AICOQO'II';uCr?rEeme
2g/kg T 2g/kg+ 10 ml/kg 2 g/kg + 3.2 mg/kg 2 g/kg + 40 mg/kg 2 g/kg + 3.2 mg/kg + 40 mgrkg

Binge drinking protocol (days)

B | | N N __HEEE BEER

32 333435 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

.Administration Interval

Hematological and
Biochemical analyses

== \ 3 \‘ =
'f“‘, L \L L Immunology (ELISA test)
Histological analysis of - S L i TNF-a
liver, kidney, and adrenal IL-1B
521
522

523  Figure 1: Flowchart of experimental design.



The data of the isolated changes (Al) and the sum of the changes (SA) were evaluated by Kruskal — Wallis. Liver (Al, p <0.001);
SA, p <0.001), kidneys (Al, p> 0.05; SA, p <0.001). The black lines show cellular infiltrate, the dotted lines indicate hydropic
degeneration, and the dashed lines indicate vacuolization. The letters A and B represent the liver, C and D kidney. The letters A, C
are control slides, letter B (alcohol + caffeine + taurine) treated group, and letter D (alcohol) treated groups. 400x magnification.
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Figure 3: Effects of alcohol, energy drink and its constituents (caffeine and taurine) isolated or associated on IL 1 (A) (p <0.0001,
ANOVA post-hoc Bonferroni), TNF-a (B) (p <0.0001, Kruskal-Wallis), nitric oxide (C) (p <0.005, ANOVA post-hoc Bonferroni),
reactive oxygen species (ROS) (p = 0.67, Kruskal-Wallis). The asterisk (*) represent the difference between the groups in relation to
the control group. The abbreviations mean: ED-energy drink; Caf-caffeine; Tau-taurine. N= 5 animals/group
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Table 1: Histopathological changes in the liver and kidney of male prepubertal Wistar rats
treated with energy drink and alcohol in Binge Drinking protocol

Liver Kidney

Hydropic Cellular Cellular
Groups degeneration Vacuolization  infiltrate  Sum Vacuolization  infiltrate  Sum
Control 2(1;2) 0(0;0) 2(1;2) 2(L2) 1(1;2) (1;1) (3:4)
Energy drinks 2(2;3) 0(0;1) 3(1;3) 3(2;3) 1(0;1) 1;2) (4;5)
Caffeine 2(13) 0(0;0) 2(1;2) 2(L2) 1(0;1) (1;1) (2;4)
Taurine 3(2;3) 0(0;1) 1(1;1) 1(1;2) 1(1;1) (1;1) (4;5)
Caffeine + taurine 3(1;3) 0 (0;0) 2(1;2) 2 (1;3) 1(0;1) (1;2) (4;5)
Alcohol 2(2;2) 1(0;1) 3(2;3) 3(34)” 1(1;2) 2;3)" (5:6) "
Alcohol + energy drinks 2(2;3) 0(0;1) 3(23) 334" 1(1;1) 1;3) (5:6)"
Alcohol +caffeine 2(2;2) 1(0;1) 3(3;3) 4(3B4” 1(1;2) (2;2) UM
Alcohol + taurina 2(1;2) 1(0;1) 3(3:3) 3(34)” 1(1;1) (2;3) (5:5)"
Alcohol + caffeine + taurine 3(2;3) 1(1;1) 3(2:3) 3(34)” 1(1;1) (2;3)" 67"

Nonparametric data are represented by medians and interquartile ranges. The sum represents the summation of the scores in the histopathological analysis p sent in prese
tissue. The asterisks (*) represent the statistical differences in the sum of the changes in the liver and kidneys (p <0.0001, Kruskal-Wallis),
as well as in well as in the infiltrate of the hepatic tissue (p <001, Kruskal-Wallis). N= 5 animals/group.
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539

540

541

542 Appendix 1: Hematological parameters of male prepubertal Wistar rats treated with energy drink and alcohol in Binge Drinking

543 protocol
Groups WBC RBC HGB HCT MCV MCH MCHC PLT
Control 89+10 7.50(7.34;7.74) 14.80(14.70;15.20) 41.88+1.33  55.00(55.00;56.00) 19.86+0.62  35.8+1.37  704.00 (702.00; 745.00)
Energy drinks 7.3+£0.9 7.22(7.13;7.46) 14.70(14.20;14.80) 39.04+3.99  55.00 (54.00;56.00) 19.74+0.70  35.74+1.57  769.00 (747.00; 819.00)
Caffeine 74+0.9 7.09(7.06;7.34) 14.70 (14.30;15.00) 40.6+1.80  56.00(56.00;56.00) 20.02+0.64 35.86+1.40  822.00 (803.00; 832.00)
Taurine 6.3+1.2 7.48(7.11;7.73) 14.60 (14.40; 15.00) 41 +2.35 55.00 (54.00; 55.00) 19.48+1.17 3552+169  777.00 (631.00; 797.00)
Caffeine + taurine 6.4+18 7.38(7.32;7.58) 14.65(14.35;14.75)  41.7+1.05  56.00 (54.50;57.00) 19.55+0.78 34.92+1.41  759.00 (712.50; 812.50)
Alcohol 8.4+13 7.25(7.18;8.06) 14.90(14.50;15.40) 425+3.82  5500(55.00;57.00) 19.66+1.08 352209  769.00 (738.00; 849.00)
Alcohol + energy drinks 9.2+26 7.54(7.23;8.11) 15.00(14.20;15.70)  428+3.85  56.00(55.00;56.00) 19.58+0.44 35.28+0.99  784.00 (742.00; 784.00)
Alcohol + caffeine 7.7+09 7.88(7.82;8.00) 15.30(14.80;15.50) 43.36+2.15 55.00(54.00;55.00) 19.16+0.70  351+1.28  747.00 (711.00; 802.00)
Alcohol + taurine 8.1+11 7.84(7.37;8.06) 14.60(14.10;15.00) 42.64+2.88 55.00(54.00;56.00) 18.94+0.68 345145  751.00 (698.00; 846.00)
Alcohol + caffeine + taurine  85+1.9 7.76(7.38;8.04) 14.90(14.90;15.70)  43.56+3.09  55.00 (55.00;56.00) 19.32+1.03  349+155  707.00 (701.00; 734.00)

544

Padbetric data are represented by mean + standard deviation (p> 0.05, one-way ANOVA) and nonparametric data are represented by medians (interquartile intervals) (p> 0.05, Kruskal-Wallis). The abbreviations are represented by:
I@ﬂtﬁytes (WBC), erythrocytes (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), concentration of mean corpuscular hemoglobin (MCHC) and platelets (PLT). N=5

abiddl s/group



S5udp8plementary Material
Appendix 2. Biochemical parameters of male prepubertal Wistar rats treated with enerqy drink and alcohol in Binge Drinking protocol
Groups Urea Creatinine AST ALT Phosphatase Ckmb
Control 52.00 (48.00; 55.00)  37.00 (36.00 38.00)  167.00 (82.00; 207.00) 70.00 (25.00; 76.00) 202.00 (188.00; 228.00) 13737.8 + 7498.26
Energy drinks 43.00 (42.00; 54.00)  32.00 (20.00; 35.00)  167.00 (144.00; 169.00)  86.00 (61.00; 87.00) 238.00 (189.00; 251.00) 10139.4 + 5537.19
Caffeine 49.00 (44.00; 54.00)  35.00 (34.00; 39.00)  162.00 (54.00; 174.00) 55.00 (19.00; 77.00) 244.00 (191.00; 264.00) 13104.4 + 2953.43
Taurine 46.00 (45.00; 46.00)  35.00 (32.00; 36.00)  203.00 (176.00; 233.00)  72.00 (72.00; 80.00) 192.00 (145.00; 244.00) 13249.0 + 7998.8
Caffeine+ taurine 44.00 (40.50; 47.00)  32.00 (29.50; 36.00) 63.00 (6.50; 173.50) 54.00 (23.00; 95.00) 29.50 (12.00; 220.50) 7587.75 + 9084.6

Alcohol

Alcohol + energy drinks

Alcohol + caffeine
Alcohol + taurine

Alcohol + caffeine + taurine

46.00 (43.00; 49.00)
50.00 (49.00; 51.00)

45.00 (40.00; 46.00)
46.00 (43.00; 50.00)
45.00 (45.00; 47.00)

37.00 (31.00; 38.00)
36.00 (32.00; 40.00)

35.00 (35.00; 36.00)
37.00 (35.00; 40.00)
34.00 (32.00; 38.00)

213.00 (150.00; 216.00)

83.00 (46.00; 94.00))

121.00 (41.00; 193.00)
157.00 (104.00; 179.00)
179.00 (178.00; 206.00)

57.00 (34.00; 64.00)
47.00 (6.00; 56.00)
69.00 (68.00; 80.00)

64.00 (63.00; 69.00)
69.00 (65.00; 77.00)

195.00 (178.00; 230.00)
176.00 (152.00; 208.00)

188.00 (172.00; 227.00)
177.00 (163.00; 226.00)
193.00 (165.00; 196.00)

16797.8 +11769.5
12545.4 +4352.1

12668.4 + 8924.3
11672.6 + 3225.5
14558.8 + 4228.7

Parametric data are represented by mean + standard deviation (p> 0.05, one-way ANOVA) and nonparametric data are represented by medians (interquartile intervals) (p> 0.05, Kruskal-Wallis). The abbreviations are represented by:
transaminase alanine aminotransferase (ALT), aspartate aminotransferase (AST) and creatinine phosphokinase MB fraction (CKMB). N = 5 animals / groups
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Supplementary Materials

Appendix 3: Effects of alcohol, energy drink and its constituents (caffeine and taurine) isolated or associated on adrenals. The data
of the isolated changes (Al) and the sum of the changes (SA) were evaluated by Kruskal-Wallis, adrenal (Al, p> 0.05; SA, p
<0.001).The dashed lines indicate vacuolization. The letters A and B represent the adrenals. The letter A are control slide and the
letter B treated group (alcohol + caffeine + taurine). 400x magnification.
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ARTICLE INFO ABSTRACT

Keywanks: The consumption of energy drinks Is commoen among adodescents and young adulis. The possible effects (mainly
Behaviond ussdys beh, | and reprod 8 in this population remaln usimown, For this reascao, this stady almed
Sex differences 10 evaluate the beh | and d effects of energy drinks and their main constituents (caffeine and
"::::: wwarine), as well as their comblnatices with alcodol, via a binge drinking pretocol in male and femase Wistar rats
Adcheicents during puberty. In this study, 100 made and 100 female rats wese treated with a binge drinking protocct 3 days a

week over 4 weeks from pastnatal dey (PND) 28 to PND 60, which icluded 10 mL/kg by ocal gavage of distitied

water, energy deink, caffelne (3.2 mg/kg), taurine (40 mg/kg), snd thedr combinations with alcohal (2 g/kg). The

animals were evaluated by behavioral tests from PND 56 1o PND 60 (opea Seld, plus maze and object recog-

nition) aad reproductive ponmm (estrous cycle rquhm) m.wu of sexual argans, cocyte guality, spermatid
and

and sperm count, sperm

octivity was L d i femsales in the

groups combined with akcahal (:qu alcodal + mﬂeln:) nml in the caffeine group. Loog-tenm memory was
increased In males in the caffeine and taurine groups even when combimed with adcohol. The combinatico of
energy drinks and alcohol did not have significant effects on the reproductive parameters of elther sex of mts
during puberty. We concluded that energy drinks (aed their main coostituents) aad alcohol comdinations did not
cause alterations in reprodactive profiles, and locomotor activity and Joeg-term memory were Increased (a fe.

males and males, respectively.

1. Introduction

Energy drinks act as i or stimul

tion and providing well-being, which usually nmxu a ynung popnh

alcohol. Consequently, there has been an increase in alcohol consump-
tion, leading to greater toxicity (Hahn et al., 2012; Howland et al,, 2011;
Ferreirn et al,, 2004) and a higher risk dacad:ms and vialence (Berger
et al., 2013; Quigley et al., 2019), including heigh d ptibility to

tion (Ballistreri and Corradi-Webster, 2008). H a study Jed
that the majarity (64.3 %) of stud who use energy drinks are not
um of the postbl: side effects (insomnia, anxiety, tachycardia, and

| disturb (Scuri et al, 2018} In addition, since
moo the consumption of energy drinks has beencomhmed with alcohal
(Pennay and Lubman, 2012). This bination can cause d. ge, since

the stimulating effect of caffeine antagonizes the sedative effects of

kcohol dependence (Mendonga et al., 2018).

Despite the positive effects of energy drink consumption (memory,
humoe, and vigilance) (Alsunni, 2015), some adverse effects are
impartant to mentian. According to a review by Nadeem et al. (2021) of
the pediatric population (age range, 11-19 years) in 10 studies (a total of
89,836 individuals), the most fi dh effects were palpitati
(17.5 %), abdominal pain (us %), muscle soreness (144 %),
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Fig. 1. Timelize of administration sed behavioral esting,

headaches (20.9 %), &
and stress (35.4 %).
The ponble nﬂlologu:nl effects of alcohol in adolescents are
h in the vol of in the pre.
frontal cortex, hlppocnmpus.mdlmyxdﬂn.Sudlbcmchmmpalr
neurocognitive functions such as memary and learning (Jacobus :m.l

ia (35.4 %), increased urination (16.4 %),

Tapert, 2013) Furth during adal the brain is underg
a p that requires changes in its ission and
plasticity, which is panied by i ch in spe-
cificr gians Chipp prefi corm.mdlimbdcsynm)(unm
ZUI)!] mmnbmedadmlmnmofﬂmholandmrgydﬂnkshm
pop interferes with stimulating effects (heart palp:-
taticas, i in, fdgeti itation, energy peak, fast

speech, and muscle tendm) and kptunve effects (nausea, dizziness,
headache, walking difficulties, slurred speech, fatigue, and decreased
ooo«lmuﬂw](l.lrmt:c:_l 2017).

g the reproductive system, th:hnrmnml dyntsn!um
uu:edbyalmhol rferes with trual cycle
fertility, and causes hypogonadism (Rachdaou: and sarkar, ZUIJ) Some
mﬂmﬁmﬂmdﬁmmkslnmmdmmndms&tﬁmym
both sexes. In cases in which consumption exceeds 699 mg/day, the
fertility rate can be reduced by 44 % (Sadeu ot al., 2010). However, in
vitro and in vivo studies have demonstrated that taurine has beneficial
effects on the reproductive system (Yang et al., 2017; Adedara e1 al,,
2018). From the data collected in the literature, this study aims to
evaluate the effects of caffeine, taurine, and alcohol intake on the male
nndfmlerq:mdlni\!:ym.

C g the p i in the ption of energy
hinksmmbnedmﬂlulmhnlmd:helxkofhmdedgenbomdm
toxicolegical impact of this excessive consumption, the objective of this
study was to evaluate the effects of energy drinks and their main con-
stituents (caffeine and taurine), both in isolation and in binati
with alcohol, on animal behavior and reproductive p in pre-
pubertal rats (males and females).

2. Materials and methods
2.1. Animals

This project was appeoved by the Ethics Committee on the Use of
Animals (CEUA) of the Federal University of Health Sciences of Porto
Alegre (UFCSPA) under protocol number 221/17. All experiments fol
lowed the National Institutes of Health (NIH) guidelines for the use and
care of experimental animals. Male and female Wistar rats at postnatal
day (PND) 28 were housed in the bioterium of UPCSPA in groups of 3/4
animals per cage under ideal temperature conditions (22 + 2°C) witha
dark/light cycle of 12 h (7 am to 7 pm) and with free access to water and
foed for behavioral (N « 200) and reproductive analyses (N — 100).

2.2. Binge drinking protocol

The binge drinking protocol consisted of a large volume adminis.
mdmldwnmdofmmw:mmdamwmlwlmm
oral admini (gavage) of sal (energy drinks, caffeine,
taurine, alcohol, water, and their combinations) once a day for 3
consecutive days, with intervals of 4 days, for 4 weeks starting on PND
28 (Fig. llmmm&wdedmomw(mmmkper
group in the behavi and 5 ani per group in the repro-
dncuvtamlysis)a.ndmmudfarzsdny:m!h 10 mlL/kg by oral
gavage of distilled water, energy drink, caffeine, taurine, or their com.
binatians (¥1g. 1). The dose of energy drink was equivalent to the con-
sumption of 3 cans of 250 mL by an adult with an average weight of 75
kg. Thus, each animal in the energy drink group received 10 ml/kg of
the commercial product Red Bull®. The doses of caffeine (3.2 mg kg)
(SagmnMdn:h lmd).mmng(l()m)(&gmmdndl Brazil) and

were eguivalent to those ined in 10
detlnen:rgydmk (}ﬂmme«nl. 2013). The alccholic solution
(ethanol p.a.) administered had a concentration of 20 % ethanol, which
is equivalent to a dase of 2 g/kg. Caffeine, taurine, and alcohol were
solubilized in distilled water.
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Fig. 2. Effects of alcohol, energy drinks and their fleine and

), isalated ce combined, In the beh | analysis of the biage drinking prosocol

in female Wistar rats (N = 100} A shows the open field test, B shows the plus maze test, and C and D show the object recognition sest. Pacamesric datn were assessed
by ane-way ANOVA (post hoe Beadeerand) (p = 0.02), and the results are expressed as the mean = SEM. The asterisk (*) represents the difference between the groups
In relatica to the controd growp. Abbreviations: ED—energy drink, Cat—caffeine; Tau—tausiae and Ale—akohol.

2.3. Behavworal analyss

2.5. Reproductive evaluation

2.3.1. Open field test 2.5.1. Female rats

The open field arena was i ded to quantify gi ] sp Reproducti lyses in females were performed for estrous cycle
! ivity on PND 56. Behavioral was perf¢ d in lanity, the refats mnsnd'th:mlnu.mdlhequumvmdqlnﬁty
a black acrylic arena measuring 60 x 60 x 30 cm, divided into 16 od’oocyusTbem:w:m | i daily for regularity of their estrous

squares. The rats were gently placed in the posterior left comer and were
mommed to ohserve ﬂow explocatory profile for five minutes. The

of 1 ngs (when the animal moved into any of the
squmslnlhepmplunlmo‘d\enppmm)wummdmm
locomotar activity; latency to drop out of the first quad was a

wd:(mclndmgdl:numbuofuuusev:mxmdﬂlenmbaoﬁh)sin
the estrogenic phase — pmestrusplusun’us)&umPNDlm ln'une
diately after euth in, rat ies were ighed

to a plnz cnnulmng phosphate-buffered saline (PBS] (37 'C), and
d with 2 % fetal bovine serum (FBS), in which scarification

measure to assess anxiety, as were the internal crossings (when the

nlﬂieavamnmneanpuﬁxmedmmlmnlheccm(mmgﬂ

animal moved within the central area of the app ). The ber of
rearings (number of times the animal stood up oa its hind legs) and
grooming time (time spent cleaning itself) were also evaluated (Floeger
et ol 1992; Stlveira et al., 2005) (Fig. 1)

2.3.2 Elevared plus maze test

The apparatus consisted of a crossshaped wooden labyrinth, with
each of the four arms (2 closed and 2 open) measuring 50 cm long by 10
cm wide, and contamed a central square measuning 12 x 12 cm. The
animals were placed in the center of the cross maze with the head facing

lexes). The CCOs were selected ding to the app of the

cumuluoeﬂsmdlhe‘ s of the ,' under a
tronmpe_TheCd)smdnnﬁedmtodyonps(whhmdulnndI
i grade 3, i 1s and grade 4, degen.

erated): Grade 1 — CCOs with homogensous ooplasm and several layers
of camulus cells with 2 high degree of compaction; Grade 2 — CCOs with
bmmgemwphrnnndfwmulmedlhymmd!mmpu
tion; Grade 3 — CCOs with more b of
granulation, mﬂlﬂewncmhymofmmnpncmdmmuluscelk Grade
4—Om:wid|ummnlsh-pesnnd\'ayha=mgmm coplasm, not

the closed arm. Their behavior was recorded during a 5 min exy
pericd on PND 56, and the parameters evaluated were the number of
entries into the open and closed arms, the length of stay in each arm and
head dipping (Almeida et al., 2006; Knapp and Breese, 2012) (Pig. 1).
The was intended to analyze the anxiety profile.

PP

233 Object recogrition test
The object ignition test was perf d in the same arena as the
npenﬁeldnst ﬂmpmndmm-imdn‘!phnns.hahmtim
and imination. In the habituation phase, the animals
mulduplmth:mﬁmnmemfmSmmfm'mmm'edlyslnme
expasure phase, 24 h after habituation, 2 identical objects (Al and A2}
were placed on opposite sides in the corners of the arena, which the rats
could explore for 5 min. After 3 pericd of 90 min, an identical familiar
object (A3) and a new object (B) were placed in the same place where Al
and A2 had previously been, allowing the rat to exploce these new ob.
jn:tsformﬂherbmn(shmﬂmmmy]onPNDS! After a period
of 24 h, the familiar object (A3) and a new object (C) were placed in the
arena, and the animal could explore these new objects for her S min

ng dus cell layers.
25.1 Mﬂk m:
lyses were perf d to assess the relative mass of
the lollmnng argans: wncle. riaht md left epidndytms seminal vesicle,
and Additi the ids and sperm,

morphnlogul assessment o(spm'n. and usuxumn: level were evalu.
ated. One testicle of each male was then released from the tumica
albuginea, dipped in 10 mL of 0.9 % sodium chlaride and .05 % Triton

X-100 solution, and lly homogenized to count sp ids. One
hundred liters of the h was diluted in 900 pl of 0.9 %
sodnun chloride solution. Aﬂu’ dilution, the number of spermatids

toh ization was d in a Neub -hamb. lnthe

chambu '/.ofﬂlemofu:hmcnlmwnscmmd(mltn mm’).
The g value of the sp 1 count of each testicle was multi-
plied by the dilutica factor used (10%) and by the correction factor of the
chamber (10%) and adjusted to cm™ (« 107). Thus, the total value counted
results in millions of spermatids (xll)°). In addition, the tail of the
pididymis was p d, similar to the testis, for the sperm count. The

(long-term memoary) on PND 59, Object exploration was defined as the
rat approaching the object within approximately 2 cm or less, as well as

tail was isolated from the rest of the organ, sectioned into small parts,
d:pped.nndhmogmmdmlhe:mvdum:anddﬂunonumifar

wbentheunimalwhedlheobjmwidl'as thei The analyses were Sperm were also i in a Neub b
i d using the following p the 1otal time exploring the Thesamemuhxﬂlukhn factor (107) was applied. Furthermore, to
mwobjenmanddbyd)emlnm ploring the two objects; the rform the hological evaluation of sperm, the right and left vas

new (TN) and the familiar (TF) in the discriminatory phase TN / (TF ¢
TN) (Maciel =t al, 2084) (Fig. 1).

2.4. Sample collection

Th:mllmkwutwﬁmnimdnnPNDwmthemzpawd and

reproductive organs were dtop the analyses. The )|

wueeuﬂumudbyxmllanne. mzhmn pnnr anesthesia, as the use of
ic could interfere with the of the activity of antioxid.
and the preduction of infl, y cytoki which were

used as complementary data from the experimental 'n’ (Delogu ot al,
2004; Yesilkayn et al., 1998; Tarkan et ol., 2004).

ddﬂ!mofeachmlemmhdwﬂblmLof09%mdlmchhnd¢
solution, and the smear was mounted on a glass slide with a drop of the
wash mixed with a drop of 2 % eosin. The pathological spermatic
evaluation was realized under an optical ms pe at 400x (Olymp

C011), and the pathologies included head defects (malformed, small,
detached) and/or tail defects (short, curled, folded) (Dallegrave, 2003).

2.6. Liguid chromatography-tandem mass spectrometry analysis for
testosterone analysis

Samples were prepared in a 1.5 mL tube by the addition of 100 yL of
plasma and 400 pl of itrile, followed by agitaticn and then
centrifugation at 9000 xg for 6 min. The supematant (400 pl) was
transferred to 2 new tube, and the extraction was performed with 1 mL

71



M.T. Conty-Vadle 2 al Pharmuocology, Bochenbrry ond Sehowor 221 (2022) 173487

MALE
A B

EXTERNAL AND INTERNAL CROSSINGS TIME IN OPEN AND CLOSED ARM
150+ 3509 [l Time in open arm
B internal crossings B Tmeinc -
I External crossings 200
1254
250+
2 oo
g g =]
g 754 §
g £ 150
504
z -
254 504

o
SOOI o0 POISLE OIS
F Feeg F FEEg
4 W
C D
SHORT-TERM MEMORY LONG-TERM MEMORY
0.84 08
0.6 084
) o
g— 0.4+ § 04
3 =
B =
0.24 024
0.0 00+
‘fwa@ywygyg ‘f&a@gfygwy
P Wy P ey
W v
LY {cgpaion on aexr page)

592592



593593

M.T. Conta-Valle er al

Fig. 3. Effects of alcohol, energy drinks and their fleine and sar;

Sharmacalogy, Bochenbry ond Sehowor 221 (2022) 173487
), Isalazed e combined, In the beh -mﬁuso(mehhgeddnldngpmoml

in male Wistar rags (N = 100). A show the open fiedd test, B shows the plus maze test, and € and D show the object data were
one-way ANCVA {post hoe Beaferroni) (p ~ m).nndlkruiuueupmdisﬂemmtsmmnm(')mnmﬂmmth\\mmmnpm
relation to the control group. Abbreviatsioss: ED—energy drink; Cad—caffelne; Tau—taurine and Ak—aloobol

of a mixture containing ethyl acetate and bexane (40:60). The sampl

were then centrifuged for 6 min at 9000 gz, and the supermatant was

withdrawn and dried at 40 *C under a nitrogen stream. After cooling, the
residue was i 1 in 50 pL of itril ﬁnrﬂﬁedwilhﬁl%
formic acid and ferred to an pler vial, and an aliquot of 3 uL

was injected into the analytical system.
A Nexera UFLC system coupled to a LOMS.8040 triple quadrupol

drinki A led that short memary (p = 0.12, one-way
ANOVA)andlangbennmamn(p 0.9, one-way ANOVA) showed no
differences between the groups in the time evaluated (Fig. 2C and D).

Regarding the results of the female behavioral analyses, we

Juded that the bination of caffeine and taurine impeoved loco:
motor activity; furthermare, uﬂ':me alone increased locomaotion.
Nonethel, when this d in bination with

mass spectrometer (Shimadzu, Kyntn.)apln) was used for the nulyns
The ESEMS/MS p were set as fi 4500 V; desolvation line
wnpunmmm C; heating block temperature, 400 “C; drying gas, 15
L/min; and nebulizing gas, 2 L/min. Collision-induced disscciation was
olmdned with BD kPa argoa pressare. Analyses were carried cut with
storing (MRM) by using the following fragmen.
uunns m/z 289.20 - m/z 109 10; m/z 285.20 -+ m/z 97.10 and m/z
289.20 -» m/z 43.15 for testosterone (M + H]'). The chromatographic
separation was canducted with a Shim-pack column (25 x 4.6 mm, 5 pm
particle size) (Shimadzu, Kyoto, Japan) eluted with a flow rate of 0.4
ml/min. The gradient mobtle phase system consisted of water (solvent
A) and acetonitrile (solvent B), both fortified with 0.1 % formic acid as
follows: 0-3 min, 15-100 % of 8; 3-3.25 min, 100 % of B; 3.25-3.30
min, 100-15 % of B; 3.30-4.60 min, 15 % of B. The column oven was
kept at 25 “C. The data were pr d using LabSoluti dt
(Shimadzu).

2.7, Seatistical analysis

Parametric data with a normal distribution analyzed using the Kol

2 Smimov test are p d as the mean = SEM, and statistical
lysis was perfc d by ANOVA Qualitative and/or non-
Ly distributed data are | and quartiles and

wueen!ln‘ed by the Krmknl-Wnlhslm 'lbepmpwnonol'oocytum
euhdepuddegmmumwascnluamdlv;ibedwsqmlmfu
y yses were perfi i using IBM SPSS Statistics

vtnion 23.

3. Results

3.1. Female behavioral results

3.1.1. Open field test
Energy drinks, caffeine, and alcobol in a binge
drinki | showed that 1 ngs differed b the

alcohol, this effect was raduced. Groups treated with taurine and alcohal
did not show decreased Jocomotor activity — taurine was probably
respansible for this effect.

3.2, Male hehavioral results

3.2.1. Open field test

Th.endmmstntinn af enu'gy drinks, nﬁelnc. mnﬂne. and aloobol in
a binge drink d that ngs (p -~
0.08, nnenyANOVM. internal crossings (p - OO&Gne-wnyAN(WA).
rearing (p =~ 0.22, mnyANOVM,mdhmcywluvtdmﬁm
quadrant (p - 0.3, Kruskal-Wallis) showed no signifi differ
between groups. (Fig. JA). The caly parameter that showed a difference
was greoming (p = 0.01, Kruskal-Wallis), between the contral and

alcohol groups.

322 Plus maze test

Enemﬁnks.ufhme,mnnne.mdaluolmlmm:m;htnge

Jed that the ber of entries into the open (p =~

0.29, Kmslu:l Wallis) and closed arms (p — 0.11, Kruskal-Wallis), the
length of stay in the open (p =~ 0.21, ane-way ANOVA) and closed arms
(p = 0.39, cosway ANOVA), and head dipping {p - 0.12, Krus.
kal-Wallis) showed no differences m any of the parameters evaluated
(Fig. 3B).

3.2.3. Object recogmition
The administration of energy drinks, caffeine, taurine, and alcobol in
a hinge drinking 1 dted in diffe in long-term memary

P - &MmmANOVA)mﬁnmmdmmdm
caffeine, taurine, alcohol + caffeine, alcohol + taurine and alcohol
caffeine 4 taurine groups (F1g. 3 D), although there were no differences
in shart-term memory (p = 0.95, one-way ANOVA) (Fig. 35C) between
the groups.
Regarding the results of the behavioral analysis in males, we
Juded that the effects on memary were improved when caffeine and

mnmlpuupmdﬂiedﬁh\e.llwbol + energydnnks.nloohol +
taurine, and alcohol + caffeine + taurine groups (p = 0.02, one-way
ANOVA) (Fig. ZA). H , the p of i | crossings (p
= 0.43, one way ANOVA), grooming (p = 0.81, Kruskal-Wallis), rearing
(p = 0.66, Kruskal-Wallis), and latency to leave the first quadrant (p ~
0.20, Kruskal-Wallis) showed no significant differences.

3.1.2 Plus maze test

Thendmmnmﬁon of energy drinks, caffeine, taurine, and alcobol in
a binge d | showed that the ber of entries into the
open (p - Oéllnuiﬂw:ﬂn)mdclmedmw-om Krus.
kal-Wallis), the length of stay in the open (p = 0.77, one-way ANOVA)
and closed arms (p = 0.77, one-way ANOVA), and head dipping (p -
0.30 Kruskal-Wallis) showed no differences in any of the evaluated
parameters (Fig. 2B).

3.1.3 Object recogrition
Energy drinks, caffes ine, and alcohal in a binge

taurine were administered alone or in combination. Alcohol alane
&mlmdaeddleeﬂectsmmmory. Nevertheless, when caffeine and
taurine were ad: d in ian with alcobol, this effect did
not appear, and long-term memary was maintained.

3.3. Female reproductive parameters

The adminsstration of energy drinks - whase main constituents are
caffeine and taurine - and alcohol in a binge drinking pmboul was
evaluated in terms of female
estrous cycle regularity, Table 1 mmuumedhnddnmd
estrus events evidenced during a 15.day period, in which no significant
differences were observed (p = 0.217; Kruskal-Wallis) between the
groups o in comparison to the control group, in addition to the median
(p =~ 0.180; Kruskal-Wallis) number of days in which females manifested
themphue(ymwm)durm;ﬂmdmcmd The
relative mass of female d no isth significant
d:ﬁaenmsbdw:enyunpswh:ncnmpamdmdnmmlmu
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Fharmacology, Backenbiry ond Sekowor 22) (2022) 175487

Female reproductive parameters of rats treated with a bisge drinking protocel of akohol, energy drinks, and their main coastituents, caffeine and taarine.

Reproductive Control  Energy  Calfene Tawine  Caffeine Aleched  Akubel = Alrobal  Alechol  Aleshel = p value (statistical
pansetesy drink + burine mergy - « taurine  cuffeine + et}
drink caflf=ne tauxinoe
Right saad Jeft 06120 04093 uasie 05135 0.4095 = 04815 Q4064 = 0A1s assiy 06812 2 = r? (eneway
ovarkes (relative + = =00y = 0.1303 + o168 =0IMS = Q1878 01422 ANONA)
rrepa ) Q1318 0067 olses 143y
Numnber of aatrus 3023 3{33) S(%9) 3(%3) (33 3(x3) RERSS] S(23) 44 RERES] pran
vty {Kraakad-Walks)
L ] & (6:6) 5(58) 6 (&9) & (&6) TN TN 77 7 (&7 B (&H) 767 p-Ol8
(days in the (Kreshad-Walks)
extrugenic phase)
Toenl nustber uf 1w 16 1“4 2 8 1n ¥ r b 10
wocytes
Number of nocytes 2(2:2) 1{18) 2(xq) S(x6) 2(e5) (2% L2y 1(12) 2002 213 p - o8
et seviread (Kraaksd-Walka)
Grade | % u 1875 »sy ns 25 3636 2857 14.25 o 40
Ceadde I % 0 3128 ».87 3\ 625 Pk AZRS 4185 0K 30
Gede 111 % i 4125 =|\n 1424 125 . 1428 14.28 anx 20 o~ Qsl (chi-
Eoeagnely o)
Ceade IV % 10 1875 T4 ns o e 1428 2857 nx 10
Low degres of & 50 5758 sl 875 3.4 7144 5115 EeR ) 0
degeneration
(seen of graades |
and B)
High degree of L 50 285 a8 125 36 2856 SLRS 666 k]
degeneration
(seen of grade (L
and IV)
Naths (high/low) 4 1 13 18 ? L8 25 13 as 235
Data were analyzed by ANOVA followed by past hoe P ( test). Values are expeessed as the msean -+ SD. For nonparametric data, the results are

presented as medlans and quartiles and were analyzed by the Keuskal-Wallis test (N - 50).

shown in Table | (p = 0.77; one.way ANOVA). The occyte count per
animal (p = 0.60 Kruskal-Wallis} and oocyte morphology (p = 0.61 chs-
square homogeneity test) (Table 1) showed no significant differences in
any comparison.

3.4. Muale reproductive parameters
ﬂwrdmwmdmakmmlmmndmmmwdﬂnh

maze test is commanly used to analyze the levels of anxiety, and the
treatments (energy drinks, caffeine, taurine, and alcohol) in our study
(binge drinking protocol) showed that there were no effects in female or
male rats. Regarding the effects on memory, we selected the abject
recognition test. In males, treatment with caffeine and taurine alone ar
in combination improved lang term memary.

In this study, it is paramount to poént out that the evaluations were
pafonneddurklgnnmpemdmﬂmtndmhnmm being an

and their main i and bined with
Icohol in a binge d % P | displayed no significant difference

| of P since the study aimed to
mmelmgwmdfutofmmdmnmh:my on how
keohol is usually 1 by adol (binge drinking)

between the groups. Simihﬂy,noﬂgniﬂmdiﬁemnmwu"
strated in comparison to the control group, as shown in Tuble 2 (testicle
(right and left) p - 0.82 y ANOVA; epididymis (right and left) p

I(Btmpamtmemphlmdnﬂnmbehwiualmldlu.lhem
umcnlyperfonnedanmala 'lhlshtmgsmnnvannnlnourm:dy

= 0.85 Kruskal-Wallis; prostate p - 0.87 Kruskal-Wallis; inal vesicle
p = 0.95 Kruskal-Wallis). Likewise, there were no statistically signsfi-
cant differences in cell counts of spermatids (p - 0.47, Krusknl Wallis)

we analyzed the behavioral and ductive of
bothfemnksandmlls.ﬂmurun\uandfamluhmdﬂumm
relation to drug use and abuse. Some evid suggests that females are
momvulmbledunmﬂumzheeﬁ«uofdmsnbmthnngth:

collected from the testicle or in sperm obtai “fmmtbe is (p
- (.37, ane-way ANOVA) and i in the N chambes, as
ptesemedinrablcz

i hological evaluation of sperm, tail and head

dﬁemmdm&ﬂmmngmem(p 0.15, one-way
ANOVA) (Table 2). The pathologies of folded tail (p = 0.32, Krus
kal-Wallis), malformed head (p - 0.14, Kruskal-Wallis), short tail (p -
0.79, Kruskal-Wallis), curled tail (p - 0.51, Knuskal-Wallis), small head
(p = 0.51, Kruskal-Wallis), and detached head (p = 1.00, Krus.
kal-Wallis) sh dno differ (Tahbie 2). Purth there were no
significant differences in regard to the serum testosterone Jevel of the
treated animals (p - 0.84, Kruskal-Wallis) (Yable 2).

and rthpcr phases (Lynch 2006).
Cnnvu:dvmlumm it les to the effects
nldrmm:hudmgwnhdnwal(&nollnnd)\nxa 20:0)Inour
sticly, females had an impe in 1 iwity

males had an improvement in memory, m-lnlylndleammlsmaml
with caffeine and taurine. These results indicate that female and male
rats showed diffe in behavi

ﬂlenpmﬁeldnst‘ i differ in the ber of
females treated with caffeine, alcobol + enclxy
Mnks.nkohnl'nmm.und lcohol + caffeine + ine. Ina p

study, it was found that in Swiss mice (40 days) treated u:utdy with
alcohol (4 g/%g 40 %) and energy drinks (8 mL/kg), the combination of
energy drinks and alcohol increased Jocomotor activity (Krahe, 2017).

4. Discussion
Mummmmmewh&mwymmlefw
ﬂmn&nmumonof:nagyﬁmh.uﬁune,mnnaandalooholm the imp| inl y. possibly due to the constituents
a binge drinki nosigmoltmuty 'lhe{uule olmagydnnk:(cuﬁemendﬂunn:)pﬂfonmngammuhmgﬁmc
: 'lnlh: i and ine groups tion. A g to Cappelletti et al. (2015), caffeine is related to an
ity in the | crossing p inthe open field test. The plus = inr‘,' ] perfi in addition to being a stimulant
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Table 2

Pharmuocology, Bochenbrry ond Sehowor 221 (2022) 173487

Male repeoductive parameters of rats treated with the binge eatlag protocol of aleahal, esergy drinks, and their main cosstiteents, caffeine and taurine. Data were

yzed by ANOVA f by post hoe comp {Bonferronl test). Values are expressed as the mean = SD. For nooparametsic data, the results are presented as
dians and g and were asalyxed by the Kruskal-Walls sest (N - 50).

Taprodactive Centrul Ezeryy Calieine Taurine Caffsne Neohol Alcshal 4 Aleohul Alevhol Adechel ~ # vedue (statistical

parasetesy drink « taurine nergy - + taurine caffeioe + test)

drink caffene Lo

Rightt sad befl 0901 2 108 ¢ 100 098 « 096 = 0% = 091 =+ 089 = 092 2 0. = £ OB2 (oeesway
toticles (ndative 008 LRL) a1 0te 045 0.z oo 0os (83 o1 ANOVA)Y
rrsua)

Right sl Seft ol a1y 018 unis 015 0.7 a1s als 016 0.47 (0.4, p-QBS
epididymes RUSES (0.26; {01s; (2.15; (0.15; (0.14; (0.15; 014 [URER 017 (Srnhal-Wallix)
(relative stma) 18 oLy 1%) 020) 0.16) 0.18) 016 sy a1s)

Prootase (relative Qs 0o0s a0s aos 0o0s 000 tos o4 s 004 (0.04;  p - OE7
resna ) RUDES (0.08; {005; 10.04; (0.04; (0.04; (0.04; (0.0%; {0.04; 0.06) (Mrakal-Wallis)

o.ns) 0.08) 0.08) o6} 0or) (B os) 0osy ous)

Semirul vescle o oo 08 noe 006 007 ooy 0ns o 007 (0L p-OUs
(relative muma) (0o (oL nor: 10.05; (0.07; (0.0% (020 (0.06; {007 007 (Keumbad-Wallix)

Q.09 0.08) oY) oLy 0.00) 0.06) 10 009y o

6425 s 4625 AL (405, 345 ars @5 @S 455 (40; 4025 (47; o0y
(oticde) {505 (36.5; {2625 50.5) (nas; (3025, (455; 54 63.75) 5125) (Krtnkal-Walls)

71.25) 44.25) 40.25) .5) 525) .798)

Sperm (right and 425 2 4332 3565 ¢ 34585+ 20048 = 4015 = 5108 = @2 4835 + 5625 = # = 037 (uze-wuy
left epicidymin) 2L ne &53 14.63% 17.52 2068 214 FeE nw 2095 ANOVA)Y

Sperm F-TES ns= 382 22+ 0TS = EPAES 62 02+ s=10 358 = £ 015 (oeway
murphelogical 13 s r (NI 1. aw s8¢ a0 843 ANOVA)
defects (head
and ail)

Testcaterone kevel 02 335 238(L.& 218 s in 216 215 JI3(1%  AS(LEY # 084

(a1 (s 284) (62 (181 (L3% (.74 (158 £95) 452 (Senkal-Wallix)
0 456) 328) an 52) 331 e

of locomotar activity at lower doses. [n a study conducted by Heidari
et al. (2018), tavrine (50, IMMMOmmgnvage) ldlmnﬂnmd‘or
28 days to animals with ¥ ugh
the open field test,

The effect of alcobol consumpticn (3.4 g/kg) with ar without energy
drinks (10.71 ml/kg) for 6 consecutive days was also evaluated in
behavioral tests (locomator activity test, object recognition test, test of
social discernment, and place preference conditioning test) in male
Wistar rats by l’nhh.uh etal ll()l.:) The acute béinge like ingestion of

lcohol d y and caused deficits in both the

object iticn and social di iminati tests. [n addition, adding
dleena!ydrmkzndtealnubolmh:ﬁonfbdnumodlfyth&cﬁc:u
Hmu.mmhmmmnmhmmpmmndmmdnnh
(caffeine and ine) i in females, even when the
evaluation occurred a few days after the kst administration.

Regarding the object recognition test in males, the long-term mem-
ory results sh d an i d ition index in the groups treated
mﬂluﬂcineudmnne.evmmtbu:nuudmﬂ\ﬂlembmuioud
mmdmte&mdumenmnkmhmmamhmmq

dulation of N-methyl o-asp (NMDA) re.
upnn.llawwer nohmnmhmmhlmedacmumuh
tionship between taurine and memory improvement (Michler et al,,
2006). Additionally, accarding to Valle ot al. (2018), the admini! i

Ghosh and Maits (2015), taurine alone is not capable of causing changes
in ovary mass or in the estrous cycle. In his study with 36 female Wistar
rats, the animals that received 50 mg/kg of taunne for 14 consecutive
days maintained ovary mass and estrous cycle regularly in both the es.
trogenic and the estrous phases. When ing the results obtained in
the present study regarding the degree of maturation of oocytes, an
improved result was also observed in the group of females treated with
caffeine 4 taurine, which b the hypothesis of X ot al.
(2017). The aft saned auth Jtured mature oocytes from aged
mice in vitro at a concentration of 5 mM caffeine for 24 k; therefore,
thesr studies suggested that caffeine could inhibit oocyte aging in mice
and maintain cell viability.

C ing the reproducti lysis perfc d an females, no
damage was generated, but the count of occytes per group indicated a
passible decrease in the groups treated with alcohol. The same variation

1 in the degrees of deg i dminwhichahiﬂm
pumhgeofdggrmmandl\l' dicating more
tion) wnsohxrvcdin!mlutsumdwidlmsgydnnks [higberraﬁo
between high/low). In contrast to energy drinks, the combination of
caffeine and taurine in our study showed better results in terms of cocyte
quuhty(hxglm&equmcyofsmduludﬂ) ﬂlueﬁndh@wppoﬂllw
hypoﬂusudmmmnephyu production and acts

of caffeine (3.2 mg/kg) and taurine (40 mg/kg) for a period of 28 days in
adult male Wistar rats improved memory perfc in the object
recognition test. In the aforementicosd study, the admink d doses

as a sapport for impr fsti!ludnn().luda.l 2015).
Smdxuevulunungthewu:po(amaloldm!wlmfenu!empm
aumonmgxmthx ive drinking exerts 3
, such as ds ferﬁﬁty.mwﬁmobsuunlmandmﬁud

were the same as those used in this work, bat the administration time
was Jonger (28 days) and in a different period (in adult rats). It is
noteworthy in this woek that even in 2 shorter period of administration,
a higher recognition index was cbtained

Theavnrymasnndlheeﬂrmuqdeorprepuhun!fmuludidnm
; any sign of al sans. Similar to females, males

wary m(Llu et al, 2018). However, despite data from the literature

na significant diff in the p luated The relative mass
of sex organs and the preduction of spermatids and sperm were similar
between the groups. The analysis of the estrous cycle, including the

ber of days the animals were in the ic phase and the number
of estrus events, showed no change in our evaluations. According to

fi g that alcohol can be g ially toxic, it was not possible to
draw signiﬁnm findings to supp! these hypoth Cebral ot al.
(2011) d d perti hang regard'llgl.heloxiz'uydu
Icohol bas in relation to ductive 7 In their study, after
as 1} &zuleml:: {60 days) were treated with alcohel (10
g/kg)forﬂdaysmdeuﬂumudmﬂwumgultplme.uwupoulhlt
to lies in the such as slgmﬁ:.mﬂy

smaller amounts of cells and more ‘_‘r. of severe d
mrduﬂlmdwl.ﬂlimptmmdappmmdym%dﬂmw
cytes analyzed when compared to the control group (water). In our
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study, | | females were not superavulated, and the

Pharmuacology, Bockenbtry ond Sehowor 22 (2022) 173487

ﬂmdnknhdmwdwalm&yk;)mulmummmmdd

Euthanasia did not always occur during the estrogenic phase, showing

no alterations in these conditions.
Thgmhdumn(mllempmdw:ﬁvemlnmnmdydldnu

change for any of the P ng to Reddy and
Reddy (2015), adult merns (90duys) nuusd with2ytgalwbol for
60 days sh i imp in the relative mass of the testicles,
epididymis, seminal vesicle, and p In the

time in our study was 28 days, ap i half the admini

peﬂndusdbydtnfmemnedmdms(mh)s],mdmlpdm
animals was different between the studies. Furthermore, our adminis.
mﬂmmwﬂdmmlyﬂﬂmu-wuk.wbi:hmthe
contributed to the lack of alterati Although the d jous effects of
alcohol on sperm count are consistent in the literature, no changes were
observed in our study. According to Dhawan and Sharma (2002), male
Wistar rats that received 3 g/kg of alcohol for 30 days had reduced

her. 97, 181-189. hup //dot ong/ 301026/ Seuphia. 2017.10.095. Epub
2017 Nov 6 PMID: 20001864,
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sperm concentrations. In disagreement with that, the animals in our
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5. Conclusion

The results demonstrate that the combination of energy drinks (and
their main constituents, uﬂulemdmm:)mdulmhnlinnbhge
drinking model did not cause mmp ions in the reproducti
profile of male or female prepubertal Wistar rats. Locomotion was
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6 CONCLUSAO

O estudo desenvolvido teve como objetivo avaliar o efeito da associacdo de
energéticos, e seus principais constituintes cafeina e taurina, associados ou nédo ao alcool
através do protocolo binge drinking de administracdo sobre parametros hematologicos,
bioquimicos, histopatoldgicos, imunoldgicos, reprodutivos e comportamentais, em ratos
Wistar machos e fémeas pré-puberes (28-60 dias).

O primeiro artigo elaborado teve como enfoque a avaliacdo histopatoldgica,
imunoldgica, bioquimica e hematoldgica de ratos machos Wistar pré-puberes, através do
protocolo binge drinking de administracdo de alcool, energéticos e seus constituintes
(cafeina e taurina). Os resultados encontrados demonstraram que a associacao de alcool
e energéticos, assim como a administracdo isolada destes componentes, aumentou a
producdo de citocinas pro-inflamatdrias. Mas, quando o alcool foi associado a cafeina e
a taurina houve uma diminuicdo na producdo de citocinas. Em relacdo a avaliacdo
histopatolégica foi encontrado dano no figado e nos rins através da presenca de infiltrado
celular, vacuolizacdo, degeneracdo hidropica, principalmente. Os grupos que
apresentaram maior grau de dano foram aqueles tratados com alcool, alcool associado ao
energético e alcool associado a cafeina e/ou taurina. Ja as avaliagdes hematoldgicas e
bioguimicas ndo revelaram alteracdo em nenhum dos grupos tratados.

O segundo artigo elaborado teve como proposta avaliar o efeito da associagéo de
alcool, energéticos e seus constituintes (cafeina e taurina), através do protocolo binge
drinking de administragdo, em ratos Wistar machos e fémeas sobre efeitos
comportamentais e reprodutivos. Os dados reprodutivos encontrados ndo demonstraram
prejuizo em nenhuma das analises realizadas tanto nos machos quanto nas fémeas. Nos
testes comportamentais pode-se observar apenas diferenca no teste de locomocao nas
fémeas, havendo um aumento nos cruzamentos externos nos grupos tratados com cafeina,
alcool + energético, alcool + taurina e alcool + cafeina + taurina, sendo um possivel
indicativo de aumento da atividade locomotora gerado pela ingesta destes componentes.
Em relacdo aos machos houve uma melhora na memdria de longa duracdo nos grupos
tratados com cafeina, taurina, &lcool + cafeina, alcool + taurina e alcool + cafeina +
taurina. No entanto, este aumento de retengdo de memoria de longa duracdo néo foi
encontrada nas fémeas, e estes componentes, cafeina e taurina, sdo descritos na literatura
como intensificadores de memoria.

78



631 De forma geral, os resultados encontrados em ambos 0s artigos, sugerem que 0S
632 constituintes dos energéticos (cafeina e taurina), mesmo administrados em baixas
633 dosagens, e quando associados ao alcool, foram capazes de melhorar os efeitos negativos
634 gerados pela administracdo do alcool. Além disto, pode-se salientar que o alcool mostrou
635 um potencial toxico, mesmo ap6s um longo periodo de sua ultima administragdo. O
636 consumo do energético de forma isolada também foi capaz provocar maleficios ao
637 organismo, quando avaliado a producéo de citocinas inflamatorias.

638 O consumo de energéticos associados ao &lcool gera grande preocupacdo por
639 instituicGes de salde ao redor do mundo, para a protecdo da crianca e do adolescente.
640 Portanto, estudos que avaliem seus efeitos é de grande importancia. Estudos futuros
641 poderdo aumentar os grupos em andlise, por exemplo os acglcares presentes nos
642 energéticos, que podem causar alteragdo comportamental e que mascaram os efeitos da
643 bebida alcodlica aumentando a sua ingesta. Outros protocolos de maior tempo de

644 administracdo também poderdo ser implementados, para avaliar os efeitos a longo prazo.
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ANEXO A - PARECER CEUA

CEUA —COMISSAQ DE ETICA NO USO DE ANIMAIS

PARECER CONSUBSTANCIADO DE PROJETO DE PESQUISA E ENSINO
1) PROTOCOLO N°: 221/17

2) DATA DO PARECER: 13/12/2017 Parecer: 543/17

3) TITULO DO PROJETO:

Avaliacao da toxicidade subcronica de bebida energética associada ao alcool em ratos
wistar machos e fémeas durante a puberdade.

4) PESQUISADOR RESPONSAVEL.:

Pedro Roméo

5) RESUMO DO PROJETO:

O presente projeto avaliara as bebidas energéticas e seus constituintes as quais sdo
extensamente utilizadas pelos jovens. Tais bebidas sdo compostas de substancias
estimulantes as quais podem alterar comportamentos em humanos, além de outros
parametros fisiologicos.

6) OBJETIVOS DO PROJETO:

Avaliar a toxicidade de bebida energética e de seus constituintes como cafeina e taurina
isolados e em associacdo com o alcool em ratos Wistar pré-paberes, por meio de
parametros comportamentais, imunol6gicos, bioquimicos, oxidativos e histopatoldgicos.

7) FINALIDADE DO PROJETO: [ ] Ensino Pesquisa

8) ITENS METODOLOGICOS E ETICOS DO PROJETO:

Titulo Adequado [ | Comentarios
Introducéo Adequada [ | Comentérios
Objetivos Adequados |:| Comentarios
Relevéancia e Justificativa Adequados |:| Comentarios
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Materiais e Métodos Adequados [ | Comentarios
Cronograma para execucdo da pesquisa Adequado [ | Comentérios
Orgamento e fonte financiadora Adequados [ | Comentarios
Referéncias Bibliograficas Adequadas [ | Comentarios

9) O PROJETO ESTA ADEQUADO A LEGISLACAO VIGENTE:

Sim [ ] Néo

10) INFORMACOES RELATIVAS AOS ANIMAIS:

Grau de dor/estresse: B | C D |:| E |:|

Justifique:

Eutanésia realizada sem anestesia. Justificativa: o uso de anestésicos poderia interferir
nas andlises realizadas no estudo

Espécie: Ratos Wistar NUmero Amostral: 200
Redug&o Amostral: [ ] sim Nao

Justifique:
Substituicdo de Metodologia: [ ] sim Nao

Se achar necessario, justifique e sugira uma nova metodologia:

Aprimoramento da Metodologia: [ ]sim | x | N&o
Se achar necessario, justifique e sugira aprimoramentos da metodologia:

Acomodagc&o e manutencdo dos animais: Adequada | | Inadequada
Se achar inadequada cite abaixo as melhorias necessarias:
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Manipulacéo dos animais: Adequada [ ] Inadequada
Se achar inadequada cite abaixo as melhorias necessérias:

Analgesia dos animais (se aplicavel): [ ] Adequada [ | Inadequada
Se achar inadequada cite abaixo as melhorias necessarias com analgésico substituto:

Né&o se aplica

Anestesia dos animais (se aplicavel): [ ] Adequada [ | Inadequada
Se achar inadequada cite abaixo as melhorias necessarias com anestésico substituto:
Né&o se aplica

Eutanasia dos animais (se aplicavel): Adequada [ | Inadequada

Se achar inadequada cite abaixo as melhorias necessarias com metodologia substituta:

Local de Realizacdo (Biotério/Labotardrio): Laboratorio de Imunologia Celular e Molecular

Outra instituicdo. Qual?

11) CRONOGRAMA DE UTILIZACAO DE ANIMAIS

Data Espécie Sexo Quantidade
2018 Ratos wistar Machos e fémeas 100 machos e 100
fémeas

12) RECOMENDAGCAO: As pendéncias devero ser respondidas em uma carta,
indicando as paginas do projeto que foram alteradas (nova versao), assinadas pelo
pesquisador responsavel.

Aprovado

[ | Com Pendéncia
[ ] N&o aprovado

Data de inicio/10/2017 Data de Término/10/2020



753 Comentarios gerais sobre o projeto:
754

755  Os questionamentos foram respondidos de maneira adequada.
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ANEXO B — Normas de formatacdo para as revistas cientificas

Seguindo as normas da coordenacgdo do PPG-Ciéncias da Saude, optou-se por
inserir apenas o link para as normas online de cada revista.

Artigo 1
Revista Toxicology and Applied Pharmacology (IF: 4.21).

https://www.elsevier.com/journals/toxicology-and-applied-pharmacology/0041-
008X/quide-for-authors#

Artigo 2
Revista Pharmacology, Biochemistry and Behavior (IF:3.67)

https://www.elsevier.com/journals/pharmacology-biochemistry-and-behavior/0091-
3057/quide-for-authors



http://www.elsevier.com/journals/toxicology-and-applied-pharmacology/0041-
http://www.elsevier.com/journals/pharmacology-biochemistry-and-behavior/0091-

